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NOTICE 


To  the  best  of  our  knowledge  the  information  in  this  publication  is 
accurate;  however,  the  Publisher  does  not  assume  any 
responsibility  or  iiabiiity  for  the  accuracy  or  completeness  of,  or 
consequences  arising  from,  such  information.  This  book  does  not 
purport  to  contain  detaiied  user  instructions,  and  by  its  range  and 
scope  couid  not  possibiy  do  so.  Mention  of  trade  names  or 
commercial  products  does  not  constitute  endorsement  or 
recommendation  for  use  by  the  Author  or  Publisher. 

industriai  soivents  could  be  toxic,  and  therefore  due  caution 
should  always  be  exercised  in  the  use  of  these  potentially 
hazardous  materials.  Final  determination  of  the  suitability  of  any 
information  or  product  for  use  contemplated  by  any  user,  and  the 
manner  of  that  use,  is  the  soie  responsibility  of  the  user.  We 
strongly  recommend  that  users  seek  and  adhere  to  a 
manufacturer's  or  supplier's  current  instructions  for  handiing  each 
material  they  use.  The  reader  is  cautioned  to  consuit  the  supplier 
in  case  of  questions  regarding  current  availability. 
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Introduction 


A solution  may  be  defined  as  a mixture  of  two  or  more  substances  which  has  uniform  chemical  and  physical  proper- 
ties throughout.  It  may  also  be  defined  as  a system  whose  component  parts  are  two  or  more  molecular  species,  there 
being  no  boundary  surfaces  between  these  parts  larger  than  molecules.  There  are  two  components  to  every  solution— 
the  solvent  and  the  solute.  As  a matter  of  convenience,  the  part  of  a solution  which  is  in  excess  is  designated  as  the 
solvent;  the  solute  is  the  component  which  is  in  smaller  proportion.  Solvents,  once  used,  may  be  recycled,  reused,  or 
discarded  in  an  environmentally  safe  manner. 

The  purpose  of  solvents  is  to  convert  substances  into  a form  suitable  for  a particular  use.  The  importance  of  the  role 
of  solvents  is  brought  out  most  clearly  by  the  fact  that  many  substances  exhibit  their  greatest  usefulness  when  in 
solution.  Lacquer  solvents,  for  example,  are  selected  to  produce  homogeneous  combinations  and  so  selected  as  to 
impart  the  most  desirable  mechanical  properties.  The  physical  properties  of  a fabricated  solution  can  be  regulated  at 
will  by  the  proper  choice  of  solvents,  thus  adapting  them  to  the  most  varied  uses  and  methods  of  applications.  Some 
of  the  more  important  uses  for  solvents  are  in  the  adhesives,  coatings,  electronics,  ink,  pesticide,  pharmaceutical, 
photographic  reproduction,  and  textile  industries.  Large  quantities  of  solvents  are  also  involved  in  dry  cleaning, 
metal  degreasing,  oil  refining  and  recovery,  and  as  fuel  additives. 

Solvents  vary  in  their  dissolving  power,  so  that  the  line  of  demarcation  between  solvents,  latent  solvents  and  non- 
solvents is  difficult  to  define.  Some  of  the  factors  which  influence  solvency  are  atmospheric  conditions,  purity  and 
molecular  association.  Molecular  aggregation  is  the  explanation  for  increased,  attenuated,  or  decreased  solvent  power 
or,  more  concisely,  eccentric  solvency.  Any  substance  that  will  dissolve  another  is  called  a solvent.  Thus,  we  have  a 
gaseous  solution  when  a liquid  or  a solid  is  dissolved  in  a gas;  a liquid  solution  when  any  one  of  these  is  dissolved  in  a 
liquid,  and  a solid  solution  when  any  one  of  them  is  dissolved  in  a solid. 

Mixing  of  solvents,  diluents  and  thinners  often  results  in  change  of  solvent  properties.  Some  chlorinated  compounds 
become  good  solvents  for  cellulose  esters  when  mixed  with  an  alcohol.  On  the  other  hand,  some  active  solvents  for 
esters  of  cellulose  lose  some  of  their  solvent  power  when  mixed  with  hydrocarbons.  Alcohols  are  added  to  lacquers 
to  improve  flow  and  to  prevent  blushing,  although  they  vary  considerably  in  these  respects.  Alcohols  are  not  true  or 
active  solvents  for  nitrocellulose  as  are  the  active  dissolvents  like  ethyl  lactate  or  n-butyl  acetate.  The  alcohol  group, 
however,  cannot  be  classed  as  nonsolvents  like  toluene  or  naphtha.  When  an  alcohol  Is  added  to  a true  solvent,  the 
solvent  power  of  the  latter  is  not  reduced  but,  on  the  contrary,  this  active  solvent  activates  the  alcohol  to  such  an 
extent  that  it  too  becomes  a solvent.  Therefore,  alcohols  are  referred  to  as  latent  solvents,  whose  hidden  solvent 
qualities  are  brought  out  by  the  addition  of  an  active  solvent.  The  presence  of  a latent  solvent  increases  the  toler- 
ance of  an  active  solvent  for  a nonsolvent.  This  group  of  latent  solvents  is  also  called  extenders,  because  they  in- 
crease the  volume  of  a mixture  without  decreasing  the  solvent  power. 

In  general,  simple  esters  and  ketones  activate  alcohols  so  that  they  too  become  solvents  and  are  capable  of  tolerating 
various  proportions  of  diluents.  This  is  due  to  the  molecular  aggregates  formed.  Two-type  solvents  containing  both 
an  alcohol  and  an  active  solvent  group,  such  as  an  ester,  ether  or  ketone,  activate  alcohol  to  a lesser  degree.  Unit 
volumes  of  a solvent  will  activate  only  a limited  amount  of  alcohol,  indicating  that  definite  molecular  aggregates  are 
formed.  A mixture  of  50%  n-butyl  acetate  and  50%  n-butyl  alcohol  will  not  lose  its  solvent  power  until  85  to  95%  of 
the  volume  is  evaporated,  contributing  further  evidence  of  the  validity  of  the  theory  of  molecular  aggregates.  Plas- 
ticizers, which  are  the  high-boiling  solvents,  also  activate  alcohols. 

Liquids  vary  in  their  rate  of  evaporation.  Naturally^  in  a mixture  of  liquids*  some  evaporate  more  rapidly  than 
others.  For  example,  if  the  solvent  constituent  of  a lacquer  evaporates  more  rapidly  than  the  diluent,  the  limit  of 
tolerance  of  the  residual  mixture  is  exceeded  and  gelling  or  precipitation  occurs.  As  evaporation  goes  on,  gigantic 
molecular  reactions  take  place.  Vast  numbers  of  molecules  change  places  as  the  new  aggregates  are  formed.  Some  are 
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replaced  and  some  are  repelled,  causing  immiscibility,  precipitation,  blushing,  or  one  or  more  of  the  many  lacquer 
faults.  It  follows  that  dilution  ratios  do  not  indicate  tolerance  during  the  change  of  solvent-nonsolvent  balance 
which  occurs  during  drying. 

In  the  theory  of  molecular  aggregation,  higher  concentrations  of  cellulose  derivatives  contain  fewer  secondary- 
valence  bonds.  Consequently,  smaller  amounts  of  diluent  can  be  tolerated.  This  condition  occurs  during  film  drying. 
Hydroxyl-containing  solvents  show  greater  tolerance  for  toluene  than  do  the  simpler  esters.  In  the  case  of  naphtha 
the  condition  is  reversed.  There  are,  however,  exceptions  to  this  statement,  among  which  are  butyl  lactate  and  Butyl 
CELLOSOLVE,  which  have  very  high  naphtha  tolerance.  Simple  esters  will  tolerate  50  to  100%  more  naphtha 
than  will  such  materials  as  ethyl  lactate,  ethyl  ether,  ethylene  glycol,  diacetone  alcohol,  and  so  forth.  Ethers  of  gly- 
cols generally  have  higher  dilution  ratios  than  do  the  butyl  esters  with  respect  to  benzene,  toluene,  and  xylene. 

Solutions  of  nitrocellulose  tolerate  larger  quantities  of  nonsolvents  than  solutions  of  cellulose  acetate.  The  "solvent- 
power  number"  is  influenced  by  both  the  nature  of  the  diluent  and  the  mixing  of  two  or  more  solvents.  Frequently, 
when  two  or  more  nonsolvents  are  mixed,  they  may  exhibit  the  qualities  of  a good  solvent.  This  is  especially  true 
when  one  of  the  ingredients  is  an  alcohol.  The  ether-alcohol  solvent  mixture  for  collodion  is  a familiar  example. 
Another  example  of  acquired  solubility  is  the  mixing  of  butyl  acetate  with  amyl  or  ethyl  alcohol  for  the  less  highly 
polymerized  forms  of  glyceryl  phthalate  resins.  Some  of  the  chlorinated  hydrocarbons  will  dissolve  nitrocellulose 
when  mixed  with  an  alcohol.  A mixture  of  benzene  and  alcohol  will  dissolve  nitrocellulose  containing  up  to  11% 
nitrogen.  A toluene-ethyl  alcohol  solution  of  alkyd  resin  will  dissolve  nitrocellulose.  In  many  cases  the  solvent  prop- 
erty of  esters  for  resins  and  nitrocellulose  is  increased  by  the  addition  of  an  alcohol.  On  the  other  hand,  when  active 
solvents  for  cellulose  esters  are  mixed  with  aliphatic  or  aromatic  hydrocarbons,  the  solvent  power  of  these  active 
solvents  Is  decreased. 

These  facts  bring  to  light  reasons  why  many  of  the  old-type  solvents  have  been  valued  for  their  impurities.  For 
example,  methyl  acetone,  made  from  the  distillation  of  wood,  had  particularly  valuable  solvent  properties.  Actually, 
it  is  a mixed  solvent  which  consists  of  methanol,  acetone,  esters  and  higher  ketones.  This  mixture  has  certain  desir- 
able properties  not  obtained  by  any  of  its  component  ingredients  when  used  separately.  For  this  reason  the  "syn- 
thetic methyl  acetone"  is  made  to  simulate  it.  For  this  same  reason  commercial  grades  of  butyl  and  amyl  acetate 
contain  85%  ester  and  the  remaining  portion  is  the  corresponding  alcohol.  Amyl  acetate,  containing  its  characteristic 
impurities  when  manufactured  from  fusel  oil,  is  also  valued  for  its  solvent  properties.  The  synthetic  product  is 
different  because  it  lacks  these  impurities.  It  is  made  from  the  pentane  fraction  of  gasoline  by  chlorination;  the 
chloropentane  is  hydrolyzed  to  form  amyl  alcohol,  and  is  finally  esterified  to  the  acetate. 

Because  of  today's  concern  with  environmental  pollution,  chemical  composition  limitations  of  solvent  formulations 
have  been  adopted  by  many  state  and  local  governmental  agencies  in  the  more  highly  industrialized  areas  of  the 
country.  These  rules  and  regulations  seriously  affect  the  use  of  many  solvents,  and  solvent  blends  must  be  reformu- 
lated to  conform  to  the  maximum  allowable  concentrations  of  the  restricted  solvents.  It  is  necessary  for  the  solvent 
user  to  acquaint  himself  with  the  governmental  regulations  of  solvent  use  in  his  particular  locale. 


Hydrocaibon  Solvents 


PARAFFINS 


Table  2.1:  Methane 


Table  2.2:  Ethane  (4) 


FORMULA 

CM, 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

Comoosition.  mol  oer  cent 

Nitrogen 

0.01 

0.61 

Carbon  Dioxide 

0.24 

Methane 

99.98 

99.08 

Ethylene 

Ethane 

0.06 

Propylene 

HHHHHi 

Propane 

0.01 

Freezing  ooint.  triple  point.  F 

-296.46* 

Boiling  point,  F 

Specific  gravity  of  liauid  at  60/60  F 

1 1 

at  20/4  C 

Density  of  liquid  at  60  F,  Ib/gal 

Vapor  pressure  at  70  F,  psia 

Specific  gravity  of  real  gas  at 
60  Fend  14.7  psia  (Air- 1) 

0.55491* 

Specific  volume  of  real  gas  et 
60  F and  14.7  psia.  cu  ft/lb 

mnyi 

Density  of  real  gas  at  60  F and 
14.7  psia,  Ibs/cu  ft 

0.04235 

Liquid  volume,  cu  ft/lb  at  -260  F 
and  13.8  psia 

0.03766* 

Critical  temperature.  F 

-115.78* 

Critical  pressure,  psia 

673.1* 

Flash  point,  approximate.  F 

-306* 

Flemmability  limits,  volume  % in  air 
Lower 

5.0* 

Higher 

15.0* 

Heating  value  for  real  gas  at  60  F and 
30  in  Ha.  saturated  basis  BTU/  cu  ft 

994 

Heating  value  for  ideal  gas  at 
60  F and  14.7  psia,  BTU/cu  ft. 

Dry  basts 

Saturated  basis 

1 - 

1 985 

FORMULA 

CH3-CH3 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

Composition,  mol  oer  cent 

Nitrogen 

Carbon  Dioxide 

Methane 

trace 

Ethylene 

trace 

Ethane 

99,97 

99.35 . 

Propylene 

0.01 

0.25 

Propane 

0.02 

035 

Freezing  point,  triple  point.  F 

-297.89* 

Boiling  point,  F 

-127.53* 

0.3771* 

at  20/4  C 

0.362* 

Density  of  liquid  at  60  F.  Ib/gal 

3.144* 

560* 

Specific  gravity  of  real  gas  at 
60  F and  14.7  psia  (Air -1) 

Specific  volume  of  real  gas  at 
60  F and  14.7  psia.  cu  ft/lb 

IHH 

Density  of  real  gas  at  60  F and 
14.7  psia,  tbs/cu  ft 

Liquid  volume,  cu  ft/lb  at  -260  F 
and  13.8  psia 

Critical  temperature.  F 

Critical  pressure,  psia 

707.8* 

-211* 

Flammability  limits,  volume  % in  air 
Lower 

2.9* 

Higher 

13.0* 

Heating  value  for  real  gas  at  60  F and 
' 30  in  Ho.  saturated  basis  BTU/  cu  ft 

Heating  value  for  ideal  gas  at 
60  F and  14.7  psia,  BTU/cu  ft. 

Dry  basis 

1769* 

Saturated  basts 

*Litir«ture  wkiM.  •LHaiiture  valuat. 


3 


4 Industrial  Solvents  Handbook 


Table  2.3: 


Table  2.4: 


Propane  (4) 


FORMULA 

CHj-CHj-CHj 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  ptf  cant 

Ethane 

0.07 

o.oi 

Propylene 

0.01 

0.01 

Propane 

99.98 

99.35 

97.50 

Isobutane 

0.02 

0.52 

2.38 

Normal  Butane 

0.05 

0.10 

Butene-2 

Neopentane 

Isopentane 

Normal  Pentane 

Purity  by  freezing  point,  mol  percent 

Freezing  point,  F 

-305.84*  (triple  point) 

Boiling  point,  F 

-43.73* 

Specific  gravity  of  liquid  at  60/60  F 

0.5077* 

0.508 

0.510 

20/4  C 

0.5005* 

0.501 

API  gravity  at  60  F 

147.0 

145.9 

Density  of  liquid  at  60  F,  Ib/gal 

4.22 

4.24 

Vapor  presure  at  70  F,  psia 

123 

123 

100  F,  psia 

189 

189 

130  F,  psia 

271 

271 

Sulfur  content,  weight  per  cent 

< 0.0005 

<0.0005 

Specific  gravity  of  real  gat  at 
60  F and  14.7  psia  (Air  > 1) 

1.5503* 

Specific  volume  of  real  gas  at 
60  F and  14.7  psia,  cu  ft  /lb 

6.4515* 

Flash  point,  approximate,  F 

Flammability  limits,  volume  % in  air 

Lower 

2.1* 

Highar 

9.5* 

Heating  value  for  ideal  gas  at  60  F 
and  14.7  psia,  dry  basis  BTU/cu  ft 

2517* 

*Limiture 


Isobutane  (4) 


FORMULA 

CH, 

CH3-CH-CH, 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  per  cent 

Ethane 

Propylene 

Propane 

0.1 

0.4 

Isobutane 

99.98 

99.5 

96.8 

Normal  Butane 

0.02 

0.4 

2.8 

Butene-2 

Neopentane 

Isopentane 

Normal  Pentane 

Purity  by  freezing  point,  mol  percent 

99.96 

99.5 

Freezing  point,  F 

-255.28* 

Boiling  point.  F 

10.89* 

Specific  gravity  of  liquid  at  60/60  F 

0.5631* 

0.563 

0.563 

20/4  C 

0.5572* 

0.557 

0.557 

API  gravity  at  GO  F 

119.8 

119.8 

Density  of  liquid  at  60  F,  Ib/gal 

4.68 

4.68 

Vapor  premra  at  70  F.  psia 

453 

45.4 

100  F.  psia 

72.2 

72.2 

130  F,  psia 

111.5 

111.5 

Sulfur  content,  weight  par  cant 

<0.0005 

< 0.0005 

Specific  gravity  of  rul  gas  at 
60  F and  14.7  psia  (Air-1) 

2.06605* 

Spacific  volume  of  real  gas  at 
60  F and  14.7  psia,  cu  ft  /lb 

6.3355* 

Flash  point,  approximate,  F 

-117 

-117 

Flammability  limits,  volume  % in  ak 

Lower 

1J* 

Higher 

8.4* 

Heating  value  for  ideal  gat  at  60  F 
and  14.7  psia.  dry  basis  BTU/cu  ft 

3253* 

*Litmturt  Miutt. 
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Table  2.5: 


Table  2.6: 


n-Butane  (4) 


FORMULA 

FROFERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  woight  per  cent 

Ethane 

Propylene 

Propane 

0.6 

Isobutene 

0.05 

0.3 

1.0 

Normal  Butane 

99.95 

99.4 

97.6  95.0  min 

Butene-2 

0.1 

Neopentene 

0.2 

Isopentane 

0.2 

0.3 

Nortnal  Pentane 

0.1 

0.2 

Purity  by  freesing  point,  mol  percent 

99.95 

99.4  99.0  min 

Freezing  point,  F 

-217.03* 

Boiling  point,  F 

31.10* 

Specific  gravity  of  liquid  at  60/60  F 

0.5844* 

0.584 

0.584 

20/4  C 

0.5788* 

0.579 

0.579 

API  gravity  at  60  F 

110.8 

110.8 

Density  of  liquid  at  60  F,  tb/gal . 

4.d6 

4.86 

Vapor  presure  at  70F.psia 

31.6 

32.0 

lOOF.psia 

51.6 

52.0 

130  F.psia 

82.2  ^ 

83.0 

Sulfur  content,  weight  per  cent 

<0.0005 

<0.0005 

Specific  gravity  of  real  gas  at 
60  F and  14.7  psia  |Atr«  1) 

2.0757* 

Specific  volume  of  real  gas  at 
60  F and  14.7  psia,  cu  ft  /lb 

6,3120* 

Flash  point,  approximate,  F 

-100 

-100 

Flammability  limitt,  volume  % in  sir 

Lower 

1.8* 

Higher 

8.4* 

Heating  value  for  ideal  gas  at  60  F 
and  14.7  psia,  dry  basis  BTU/cu  ft 

3262* 

*L(ttritura  viluB. 


2,2-Dlmethylpropane  (4) 


Neapentane 


FORMULA 

CHj 

CHg-C-CH, 

CH, 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  per  cant 

Normal  Butane 

trace 

0.1 

1,7 

ci^Butene-2 

trace 

0.1 

2,2.-0imethvlpropane 

99.99f 

99.6 

97.8 

Isopentane 

Normal  Pentane 

U 

Pentene-2 

Cyclopentane 

Purity  bv  freezino  point,  mol  oar  cent 

99.99 

99.3 

Fraazino  point.  F 

3.21* 

Boiling  point.  F 

49.10* 

Distillation  range.  F 

Initial  boiling  point 

1016  Condensed 

5016  Condensed 

90%  Condensed 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

0.5967* 

0.597 

0.597 

at  20/4  C ^ 

0.5910* 

0.591 

0.591 

(continued) 


6 Industrial  Solvents  Handbook 

Table  2.6:  (continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

API  gravity  at  60  F 

105.5 

105.5 

Density  of  liguid  at  60  tb/gal 

4.96 

4.96 

Vapor  pressure  at  70  F,  psia 

21.9* 

21.9 

22.0 

too  F,  psia 

35.9 

36.7 

130  F.  psia 

57.4 

57.7 

Refractive  index^  20/ D 
_ Cotor^  Saybolt  (unjra  indicated) 
Acidity^  distillation  residue 

N 0 nvolati  le  matter,  grarns/ 1 00  ml 

Sulfur  content,^  wei^t  per  cent^ 

+30 

+30 

+30 

neutral 

netural 

0.0005 

0.0005 

0.005 

0.005 

Copper  corrosion 

_ 1 

, 1 

Doctor  test 

negative 

negalira _ 

Kinernatic  viscosity^  cs  at  32  F _ 

6^32^ 

Specific  gravity  of  real  gas  at 
60  F and  14.7  psia  (Air  =1) 
Specific  volume  of  real  gas  at 
60  F and  14.7  psia,  cu  ft/lb 

2.622* 

4.997* 

Flash  point,  approximate,  F 

-85 _ 

'■  "1 -85 

Flammability  limits,  volume  % in  air 

Lot^' 

1.4* 

Higher 

8.3* 

‘Literature  values. 


Table  2.7:  Isopentane  (4) 


FORMULA 

CH, 

CHj-CH-CHj-CHj 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  per  cent 

Normal  Butane 

0.1 

0.2 

cit-Butene>2 

2.2.‘Dtmethytpropane 

0.1 

0.1 

Isopentane 

99.99 

99.4 

97.1 

Normal  Pentane 

0.01 

0.4 

2.6 

Pentene‘2 

Cyclopentane 

Purity  by  freezing  point,  mol  per  cent 

99.99 

99.4 

Freezing  point.  F 

-255.82* 

- 

Boiling  point.  F 

82.13* 

Distillation  range.  F 

initial  boiling  point 

82 

10%  Condensed 

83 

50%  Condensed 

83 

90%  Condensed 

84 

Dry  point 

-86 

Specific  gravity  of  liquid  at  60/60  F 

0.6248* 

0.625 

0.625 

at  20/4  C 

0.61967* 

0.620 

0.620 

API  gravity  at  60  F 

94.9 

94.9 

Den»ty  of  liquid  at  60  F.  tb/gal 

5.20 

5.20 

Vapor  pressure  at  70  F,  psia 

11.57* 

11.5 

11.4 

100  F.  psia 

20.44* 

20.4 

20.2 

130  F.  psia 

33.5 

RefrKtive  index,  20/0 

1.35373* 

Color.  Saybolt  (unless  indicated) 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  qrams/100  ml 

0.0005 

0.0005 

Sulfur  content,  weight  oer  cent 

0.005 

0.005 

Copper  corrosion 

1 

1 

Doctor  test 

negative 

negative 

Kinematic  viscosity,  cs  at  32  F 

0.433* 

Specific  gravity  of  real  gas  at 
60  F and  14.7  psia  (Air  >1)  j 

2.6269* 

Specific  volunw  of  real  get  at 
60  F and  14.7  psia.  cu  ft/tb 

4.9876* 

Flash  point,  approximate,  F 

-70 

-70 

FtammabilitY  limits,  volume  % in  air 

Lower 

1.4* 

Higher 

8.3* 

literature  values. 
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Table  2.8: 


Table  2.9: 


n-Pentane  (4) 


FORMULA 

CH J-C  J-CH, 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

CofTi^oiitionj  weight  par  cent 
Nonnal  Butane 

2,2.*Dimathvlpropane 

Isopentane 

01)1 

0.2 

0.5 

Normal  Pentane 

99.99 

99.4 

98.8 

Pentene‘2 

0.1 

0.2 

Cyclopentane 

0.3 

0.5 

Purity  bv  freezing  point,  mol  per  cent 

99.96 

99.2 

Freezino  point.  F 

-201.50* 

Boiling  point,  F 

96.93* 

Distillation  range.  F 

Initial  boiling  point 

5fi_  _ 

10%  Condensed 



50%  Condensed 

- 97 - 

90%  Condensed 

J7.__ 

Dry  point  

99 

Soecific  gravitv  of  iiguid  at  60/60  F 

0.6312* 

0.631 

0.633 

at  20/4  C 

0.62624* 

0.626 

API  gravitv  at  60  F 

92.7 

92.0 

Density  of  liquid  at  60  F.  Ib/gal  

5.25 

5.27 

Vapor  pressure  at  70Fj»sia  

8.56*  ^ 

8.6  1 

JPPfi.psi* J 

15.57* 

15.6 

F,  psia  

26.4* 

26.3 

SifUClryf  index,  20/0  . 

Color.  Savbolt  (unless  indicated) 

1.35748* 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

0.0005 

Sulfur  content,  weight  per  cent  

0.005 

0.005 

Copper  corrosion 

1 

1 

Doctor  test  

negative 

negative 

Kinematic  viscosity,  cs  at  32  F 

0.431* 

Specific  gravity  of  real  gas  at 
60  F and  14.7  psia  (Air  > 1) 

2.5400* 

Specific  volume  of  real  gas  at 
60  F and  14.7  psia.  cu  ft/lb 
Flash  point,  approximate.  F 

4.9629* 

-57 

-50 

Fiammrtility  limits,  volume  % in  air 

Lower 

^ 

Higher 

8.3* 

'Literature  values. 


2,2-Dimethylbutane  (4) 


Neohexane 


FORMULA 

j CH, 

RESEARCH 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  w^t  per  cent 

Isopentane 

Cyclopentane 

0.2 

0.1 

2,2-0  imethyibu  tana 

99.98 

99.5 

96.4  95.0  min. 

2,3-0  imeUtylbutane 

0.01 

0.2 

2.2 

2-Methylptntane 

0.01 

0.1 

0.3 

S-Methyipentane 

Purity  by  freezing  point,  mol  per  cent 

99.97 

99.4  99.0  min. 

FrMzing  point,  F 

-147.77* 

Boiling  point,  F 

121.53* 

Distillation  range,  F 

Initial  boiling  point 

120.5 

Dry  point 

122.r 

(continued) 
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Table  2.9: 


Table  2.10 


(continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Spacifk  graviiY  of  liquid  «t  60/60  F 

0.6640* 

0.655 

0.659 

It  20/4  C 

0.64916* 

0.650 

0.654 

API  gravity  at  60  F 

84.5 

83.2 

Dansity  of  liquid  at  60  F.  Ibt/gal 

5.45 

5.49 

Vapor  pram ra  at  70F,  piia 

5.30* 

5.3 

5.3 

100  F,  psia 

9.86* 

9.9 

9.9 

ISOF.ptia 

17.04* 

16.8 

16.8 

Refractive  index,  20/D 

1.36876* 

1.369 

1.369 

Color,  Siybolt 

+30 

+30 

+30 

Acidity,  diitillation  residua 

neutral 

neutral 

Nonvolatile  matter,  grami/100  ml 

" (Lbbbs 

Sulfur  content,  weight  per  cent 

0.005 

0.005 

Copper  corrosion 

1 _ 

1 

Doctor  test 

negative 

negative 

Flash  point,  approximate,  F 

-25 

-25 

Flammability  limits,  volume  % in  air 

Lower 

yf* 

Higher 

7.7* 

*Littraturs  valuti 


: 2,3-Dlmethylbutane  (4) 


Diisopropyl 


FORMULA 

CMjCMj 

CHj-C»-CM-CHj 

RESEARCH 

TECHNICAL 

PROPERTIES 

GRADE 

Kaai 

GRADE 

Composition,  weight  per  cent 

Isopentane 

0.6 

Cyclopentant 

2,2-DimethyllHilane 

0.07 

0.2 

1.1 

2,3*Din>ethytbutane 

99.88 

99.7 

2*Methylpentana 

0.04 

0.1 

0.2 

S-Methylpentane 

0.01 

0.1 

Purity  by  freezing  point,  mol  per  cent 

99.88 

99.3  99.0  min. 

Frnzing  point.  F 

-199.37* 

Boiling  point  F 

136.37* 

Distillation  range,  F 

Initial  boiling  point 

135 

Dry  point 

136 

Spacific  gravity  of  liquid  at  60/60  F 

0.6664* 

0.666 

0.666 

at  20/4  C 

0.66164* 

0.662 

0.881 

API  gravity  at  60  F 

hhxohbhhi 

81.0 

Danstty  of  liquid  at  60  F,  Ibi/gal 

wmnmmm 

5.54 

TTffTO" ' 'III'  1 ' 

3.87* 

1 3.8 

3.8 

100  F,  psia 

7.40* 

U 

130  F,  psia 

119 

Refractive  index,  20/D 

1.375 

Color,  Saybolt 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grami/100  ml 

0.0005 

0.0005 

Sulfur  content,  weight  par  cant 

0.005 

— mi 

1 

1 

Doctor  test 

negative 

negative 

Flash  point,  approximate,  F 

-20 

Flammability  limits,  vohima  % in  air 

Lower 

1.T 

Higher 

7.7* 

littraturt  valuai 
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Table  2.11:  2-Methylpentane  ^4^ 


FORMULA 

CHj-CH-CHj-CMj-CMj 

PROPERTIES 

RESEARCH 

6RA0E 

PURE 

GRADE 

TECHNICAL 

GRADE 

liopantane 

0.2  

2,3-0  imethylbutarm 

2- Mat  hylpentana 

3- Mathylpentane 

0.01 

0.5 

3.8 

99.98 

99.3 

95.4  95.0  min. 

1 0.01 

0.2 

0.6 

Purity  by  freezing  point,  mol  per  cant 
Freezing  point,  F 
Boiling  point,  F 

99.98 

99.2  99.0  min. 

-244.61* 

140.49* 

Oiftiliation  nnge^F 

Initial  boiling  point  

140 

Dry  point 

141 

Specific  gravity  of  liquid  et  60/60  F 
■ at  20/4  C 

0.6579* 

0.658 

0.658 

0.65315* 

0.653 

0.653 

API  gravity  at  60  F 

Density  of  liquid  at  60  F,  Ibi/gal 

Vapor  presnire  « 7® 

85.2 

85.2 

5.44 

5.44 

3.48* 

3.5  ^ 

3.5 

too  F,  psia 

- 8.77* 

6.8 

6.8 

130  ^piia 

Refractive  Index,  20/0 

13.32* 

13.0 

13.0 

1.37145* 

1.371 

1.371 

Color,  Sayboit 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grami/100  ml 

0.0005 

0.0005 

Sulfur  content,  weight  per  cent 

0.005 

0.005 

Copper  corrosion 

1 

1 

Doctor  test 

negative 

negative 

Fl^  point,  approximate,  F 

-10 

-10 

Flammability  liinit^  volume  % in  air 
Lower 

1.2* 

Higher 

7.7* 

*Literature  vatun. 


Table  2.12:  3-Methylpentane  (4) 


FORMULA 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  per  cent 

2,3-0  imethylbu  tana 

0.1 

2-Methylpentane 

0.01 

0.6 

3.8 

3-Methylpentane 

9i5r 

99  4 99.0  min 

0.02 

Normal  Hexane 

Methylcyclopentane 

2,2-0  imethyipentane 

2,4-0  imethylpentane 

Cyclohexane 

2,3-Oimethylpentene 

2-Methylhexane 

3-Methylhexane 

Purity  by  freezing  point,  mot  per  cent 

•• 

Freezing  point.  F 

n 

Boiling  point,  P 

145J1- 

Distillation  range,  F 

Initial  boiling  point 

145 

10%  Condenad  ^ 

50%  Condensed 

90%Condenied 

Dry  point 

146 

(continued) 
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Table  2.12: 


Table  2.13: 


(continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Specific  pwity  of  liquid  at  60/60F 

0.6690* 

0.669 

0.669 

' ~ at  1074  C 

0.66431* 

0.064 

0.664 

API  gravity  at  60  F 

80.0 

80.0 

Density  of  liquid  at  60  F,  Ibi/gal 

5.57 

5.57 

Vapor  prewire  at  70  F,  psia 

3.11* 

3.1 

3.1 

lOOF.psia 

6.10* 

6.1 

6.0 

130  F,  psia 

11.03* 

11.0 

T0:9 

Refractive  Index,  2070 

1.37652* 

1.376 

1.376 

Color,  Say  bolt 

“+30 

+30  ” ‘ 

“ ' + 5o  ; ; ; _ 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grami7i00  ml 

0.0005 

0.0005 

Sulfur  content,  weight  per  cent 

0.005 

0.005 

Copper  corrosion 

1 

; ZTJl Z” 

doctor  test 

negative 

negative 

Flash  point,  approximate,  F 

-25 

Flammability  limits,  volume  % in  air 

Lower 

1.2* 

Higher 

7.7* 

*Liter8ture  values.  **Forrniagiast 


n-Hexane  (4) 


FORMULA 

CH 

,-CMj-CHj-CHj  -CM 

j-CHj 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  per  cent 

2,3*0  inwthylbutane 

2-Methylpantane 

trace 

trace 

trace 

3-Methylpentane 

0.02 

0.1 

0.2 

Normal  Hexane 

99.98 

99.5 

97.7  95.0  min 

Methylcyclopcntane 

trace 

0.4 

2.1 

2,2'Oimethylpentane 

2,4-Dimethylpentane 

Cyclohexane 

2,3‘D  imethy  tpentane 

2-Mfthylhexane 

3-Methylhexane 

Purity  by  freezing  point,  mol  per  cant 

99.98 

99.4 

Trees  ing  pomt,  F 

-139.63* 

Boiling  point,  F 

155.73* 

Distillation  range,~T 

initial  boiling  point 

155.1 

10%  Condensed 

llO“ 

50%  Condensed 

155.3 

30%  Condenied 

155.7 

Dry  point 

156.4 

Specific  gravity  of  liquid  at  60/60F 

0.6640* 

0'.6M 

0.666 

at  2074  C 

0.659S7*" 

0.660 

0.661 

API  gravity  at  60  F 

"81.6" 

81.0 

Density  of  liquid  at  60  F,  Ibs/gal 

” 5.53  

5.54 

Vapor  praswre  at  70  F,  psia 

W*  “ 

Is 

2.5"  ■ 

100  F.  psia 

4.96* 

Si’ 

4.9 

150F,^a 

9.17* 

9.2 

9.1 

TTefmtive  in^x.  20/D 

1.37486*  ^ 

1.375 

1.375 

Color,  Saybolt 

+30 

+30 _ 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  gram^lOO  ml 

0.0005 

0.0005 

Sulfur  content,  weight  per  cent 

" 0.005 

0.005 

Copper  corrosion 

_ _1  

1 

Oxtor  test 

negative 

negative 

Flash  point,  approximate,  F 

-10 

Flammability  limits,  volume  % in  air 

Lower 

1.2* 

Higher 

7.7* 

'Literitura  values.  **Formi  a glass. 
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Table  2.14:  2,4-Dimethylpentane  (4) 


FORMULA 

CHj-CH-CHj-CH-CHj 

FROPERTiES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  wtipht  ptr  ctnt 

2,3-0  imothylbutaM 

2-Mfthyiptntanf 

3-Mfthylpantana 

Normal  Haxana 

traca 

0.1 

Mathylcyclopantana 

2,2-Oimathylpantant 

0.01 

0.1 

2.9 

2,4-0  imathylpantana 
Cyciohaxana 

_MJ9 

nj 

0.1 

96.0  95.0  min 
0.5 

2,3-0  imathylpantana 

0.1 

0.5 

2-Mathylhaxana 

3-Mathylhaxana 

Purity  by  fraazing  point,  mol  par  cant 

99.77 

99.2  99.0  min 

^raaalng  point,  F 

-182.64* 

Rolling  point,  F 
Distillation  rahga,  F 

176.90* 

Initial  boiling  point 

175 

TOKCondaniad 

50%  Condansad 

90%  Condansad 

Dry  point 

T76 

Spacifk  gravity  of  liquid  at  60/60F 

0.8772* 

0.677 

" "0.678 

at  20/4  C 

0.67^ 

0:673 

"6.673 

API  gravity  at  60  F 

"77.4  

77.2 

Oansity  of  liquid  at  60  F,  Ibs/gal 

■ 164 

5.64  ‘ 

Vapor  prassura  at  70F,psia 

1.59* 

T.6 

1.6 

100  F,  psia 

3.29* 

3.3 

3.3 

130  F,  psia 

6.24* 

6.2 

6.2 

Rafractiva  indax,  20/D  

1.38145* 

1.381”  ' 1 

1.381 

Color.  Saybolt 

^;30 

>30  ■ ■■ 

+30 

Acidity,  distillation  rasidua 

nautral  " 1 

" nautral 

Nonvolatila  mattar,  grams/ too  ml 

0.0005 

0.6005 

Rulfur  contant,  waight  par  cant 

o:oo5 

0.005 

Cbppar  corrosion  ~ 

Doctor  tast 

rw^iya 

nagative 

RasR  point,  approximata^ 

— 1 

10 

Fiammability  limits,  voluma  % In  air  ~ 

Lw^r 

1.0*  1 

Highar 

7.0*  1 

*Lit«rature  valuaL 


Table  2.15:  2,3-Dlmethylpentane  (4) 


FORMULA 

CHjCMj 

CHj-CM-CM-CHj-CMj 

PROPERTIES 

90% 

GRADE 

Composition,  vvai^t  par  cant 

2,3-0  imathylbutana 

2-Mathyipantana 

3-Mathylpantana 

Normal  Haxana 

Mathylcyclopantana 

2,2-0  imathylpantana 

2,4-D  imathylpantana 

Cyciohaxana 

2,3-Oimathylpantana 

90.4  90.0  min 

2-Mtthylhaxana 

3.4 

3-Mathylhaxana 

6.2 

Purity  by  fratzing  point,  mol  par  cant 

Traa^  point,  F 

Boiling  point,  F 

Distillation  ranga,  F 

Initial  boiling  point 

193 

10%  Condansad 

PROPERTIES 

90% 

GRADE 

50%  Condansad  i 

90%  Condansad 

Dry  pomt 

194 

Spacific  gravity  of  liquid  at  60/60F 

0.8990 

atjo/rc 

0.6943 

API  gravity  at  60  F 

70.9 

Oansity  of  liquid  at  80  F.  ibs/gal 

5.82 

Vapor  pfanufB  at  TOl.psia 

1.2 

too  F,psia 

3.6 

130  F.psia 

Rafractiva  index,  20/0 

1.3922 

Color.  Saybolt 

+30 

Acidity,  distillation  rasidua 

nautral 

Nonvolatila  manar,  grami/lOO  ml 

(raoos 

Siitfur  contant,  weight  par  cant 

Copper  corrosion 

Doctor  test 

nagatrva 

Flash  point,  appro'ximata,~T 

<10 

Ftammabitity  timing  volume  % in  air 

Lower 

Higher 
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Table  2.16:  3-Methylhexane  (4) 


FORMULA 

PROPERTIES 

TECHNICAL 

GRAOE 

Composition,  weight  percent 

2.3-0im8thylp8ntane 

0.1 

2-Methylhexane 

1.4 

3-Methylhexane 

97.2  95.0  min 

3-Ethy]pentane 

0.8 

Normal  Heptane 

Oimethylcyclopentane 

0.5 

Methylcyclohexane 

2.2-0  imethylhexane 

^-OTmethylhexane 

2.5-Dimethylhexane 

Other  Oimethylhexanes 

2.2.4-T  rimethylpentane 

2.2.3-T  rimethylpentane 

2.3 .4T  rimethylpentane 

2.3.3-T  rimethylpentane 

PROPERTIES 

TECHNICAL 

GRAOE 

Boiling  point,  F 

Distillation  range.  F 

Initial  boiling  point 

195 

Dry  point 

196 

Specific  gravity  of  liquid  at  60/60  F 

0.692 

2074  C 

0.688 

API  gravity  at  60  F 

73.0 

Density  of  liquid  at  60  F.  Ib^gal 

06" 

Vapor  pressure  at  70F,  psia 

100  F,  psia 

2.1 

130  F.  psia 

Refractive  index.  20/0 

jmr 

Color,  Saybolt 

^0" 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

Sulfur  content,  weight  percent 

D.005 

Copper  corrosion 

r 

Doctor  test 

negative 

Flash  point,  approx  irnate.f 

25  Estimated 

Flammabilty  limits,  volume  % in  air 

Lower 

1 

Higher 

7 

Table  2.17:  n-Heptane  (4)  Table  2.18:  2,2,4-Trlmethylpentane  (4) 


Isooctone 


FORMULA 

r»a-CH, 

FORMULA 

<=•!, 

CH.-C-CH 
* 1 
CH3 

j-CH-CHj 

PROPERTIES 

RESEARCH 

GRAOE 

PURE 

GRADE 

PROPERTIES 

RESEARCH 

GRAOE 

PURE 

GRAOE 

Composition,  weight  percent 

Composition,  weight  percent 

2,3-Oimethylpentane 

2,3-Oimethylpentane 

2-Methylbexane 

2-Methylhexane 

3-Methylhexane 

BHHUHHii 

3-Methylhexane 

3-Ethylpentsne 

trace 

3-Ethylpentane 

99.8 

Normal  Heptane 

trace 

0.D1 

0.2 

0 imethyicyctopentane 

Methylcyclohexane 

trace 

Methylcyclohexane  “ 

2,2-Dimethythexane 

0.01 

0.2 

2,4-0  imethylhexane 

2,4-0  imethylhexane 

2,S-Dimcthylhexane 

2,5-0  imethylhexane 

Other  Dimethylhexanes 

Other  Dimethylhexanes 

2,2,4-T  rimethylpentane 

2,2,4-T  rimethylpentane 

99.99 

99.8 

2,2, 3-T  rimethylpentane 

2,2,3-T  rimethylpentane 

2,3,4-T  rimethylpentane 

2T3.4-t  rimethylpentane 

2,3>Trimethylpentine 

2,3,3-T  rimethylpentane 

Purity  by  freezing  point,  mot  % 

99J2 

99.7  99.0  min 

Purity  by  freezing  point,  mol  % { 

99.98 

99.7  99.0  min 

Freezing  point,  F 

Freezing  point,  P 

-181.28* 

Boiling  point,  F 

Boiling  point,  F 

210.63* 

Distillation  range,  F 

Distillation  range,  F 

nnri  TTti 

initial  boiling  point 

Dry  point 

Drv  Doint 

0.6882* 

0.688 

Specific  gravity  of  liquid  at  60/60  F 

0.6963* 

0.696 

20/4  C 

0.68376* 

0.684 

207rr 

0.69193* 

0.692 

API  gravity  at  60  F 

74.1 

API  gravity  at  60  F 

71.7 

mdmEimiMUEsrm 

5.73 

Density  of  liquid  at  60  F,  tbi/^ 

5.80 

Vapor  preswre  at  70  F,  psia 

0.79* 

0.8 

100  F,  psia 

T65* 

100  F,  psia 

1.71* 

1.7 

130  F,  psia 

3.37* 

3.3 

1.388 

Refractive  index,  20/0 

1.39145* 

1.391 

Color,  Saybolt 

^^30 

Color,  Saybolt 

+30 

+30 

Acidity,  distillation  residue 

“neutral 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grami/100  ml 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

Sulfur  content,  weight  percent 

0.005 

Sulfur  content,  weight  percent 

0.005 

Copper  corrosion 

1 

Copper  corrosion 

1 

Doctor  test 

legative 

Doctor  test 

negative 

Flash  point,  approximate,  F 

25 

Flash  point,  approximate,  F 

18 

Flammabilty  limits^  volume  % in  air 

Flammabilty  limits,  volume  % in  air 

1.0* 

Lower 

Higher 

r 

7.0* 

Higher 

^Literature  values. 

*Litoratufi  valuei 
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Table  2.19:  2,3,4-Trimethylpentane  Table  2.20:  Mixed  Trimethylpentanes  W 


FORMULA 

CHj-CM-CH-CH-CHj 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Compoiition,  wtipht  porctnt 

im«thylp«n  tint 

- 

2*Mtthy(h«xsn« 

S^tthylhixant 

3-Ethylptntine 

■ - - 

Nonnai  Haptana 

0 imathy  Icy  clopantana 

Mathytcyciohaxana 

2,5-0  imathy  lhaxana 

trace  ~ 

trace 

1:^ 

^^K«r]TTi»TiirrWiV]iiTitTr— 1 

2,2,4'Trimethylpantana  | 

99.99+ 

99.8  1 

98.0  95.0  min 

trace  | 

0.2 

1.4 

Purity  by  fratzing  point,  mol  % 

99.1  99.0  min 

Praazing  point,  F 

-TW.5B*  ^ 

Boiling  point.  F 

Initial  boiling  point 

Dry  point 

■ 0723 
0.719  ' ' 

1T233* 

0.71906* 

" 0.72y  ~ ' “ 

Wi  c 

0.719 

API  gravity  at  60  F 

M.1 
’6.02  ■ 

64.1 

Dansity  of  liquid  at  60  F,  Ibi/gal 

■6:02 

mhimrmm 

lOOf.psia  1 

130F,psia  1 

■■:n?rTCTCTrP>Ji^iiMf^||J|M 

\~  im  ■ “ " 

1.404 

Color,  Saybolt 

+30 

^50-  “ 

+30 

Acidity,  distillation  rasidue 

lieutraF 

neutral 

Nonvolatiia  mattar,  grams/ 100  ml 

0.0005 

0.0005  ■“ 

^rtur  contant,  waight  parcant 

0:005 

01105  “ ' 

Coppar  corrosion 

^ 1 ■ 

1 

lOoctor  tast 

negative 

41TD56) 

negative 

’ 41  (D  56)"3"; 

Plash  point,  approximata,  F 

Plammabilty  limits,  voluma  % in  air 

Lowar  ^ 

- - 

Highar 

FORMULA 

V,. 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

2.3'Oimathylpantane 

2‘Methylhexane 

3-Methylhcxane 

3-Ethylpontane 
Normal  Heptane 

- 

D imethylcYclopentanc 

BcthylcYclohexane 

2.2DirTMthythexane 

0.3 

2,4-Dimethylhexane 

0.1 

2,5'Oimathylhexane 

0.1 

Other  Dimethylhexanes 

3.5 

2,2,4-T  rimethylpentane 

2,2, 3T  rimethylpentane 

TO, 

y ,3,4-T  rimethylpentane 

80.9)95.0  min 

2,3.3't  rimethylpentane 

15.0^ 

Purity  by  freezing  point.  mol% 

Freezing  point,  F 

foiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

' 235  ' 

Dry  point 

236  

Specific  gravity  of  liquid  at  60/60  F 

0.723 

0,719 

API  gravity  at  60  F 

64,2 

6.02 

Vapor  presnire  at  70  F.  piia 

jarrss 

1.0 

130F,psia 

color,  Saybolt  | 

+30 

iKjgJinf  PilliniTiTl^  fTT— 

neutral 

Nonvolatile  matter,  grami/100  ml 

0.0005 

Sulfur  content,  weight  percent 

0.005 

Copper  corrosion 

1 

Doctor  M 

negative 

Flash  point,  approximafa.T 

50 

Flammabiity  limits,  volume  % in  air 

Ldwr  ^ 

Higher 

*Littriturt  vsluit 

Table  2.21:  Mixed  DImethylhexanes  (4) 


FORMULA 

Via 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

2,3-0  imethylpentana 

2-Methylhexane 

3-Methyl  hex  ana 

3-Ethylpantane 

Normal  Heptane 

Oimethylcyclopentane 

Methylcyclohexane 

2.3Dimethylhexane 

4.3. 

2,4-bimethylhexane 

367  }95.0min 

2.5-Dimathylhaxana 

53.9' 

Other  Dimethylhexanes 

2,2.4-T  rimethylpentane 

1.6 

2.2,3-Trimathylpenttne 

3.5 

2,3.4-T  rimathylpentone 

2,3,3Trimethylpentane 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boiling  point,  F 

PROPERTIES 

TECHNICAL 

GRADE 

Distillation  range,  F 

Initlat  boiling  point 

^.6 

Dry  point 

228.8 

Specific  gravity  of  liquid  at  6O/6OF 

0.704 

20/4  C 

0.700 

API  gravity  at  60  F 

69.4 

Density  of  liquid  at  60  F.  Ibi/gal 

5.86 

Vapor  priaure  at  70F,  psta 

1OO  F,  psia 

1.0 

130F,psia 

ReTracTive  index,  20/D 

1.394 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/lOO  ml 

0.0005 

Sulfur  content,  weight  percent 

0.005 

Copper  corrosion 

1 

Doctor  test 

negative 

Flash  point,  approximata,  P 

r _50 IHT 

Flammabiity  limits,  voluma  % in  air 

Lower  ^ 

Higher 

*Litirituri  v«luit 
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Table  2.22: 


Table  2.23: 


n-Oxtane  (4) 


FORMULA 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  per  cent 

Isooctanes 

0.02 

0.3 

0.7 

Normal  Octane 

99.92 

99.6 

98.7 

2,2,5-Trimethylhexane 

2,2.4-Trimethylhexane 

Iso nonanes 

0.06 

0.1 

0.6 

Isoparaffins 

Normal  Nonane 

Purity  by  freezing  point,  mol  % 

99.88 

99.2  99.0  min 

96.2  99.0  min 

Freezing  point,  F 

-70.23* 

Boiling  point,  F 

258.20* 

Distillation  range,  F 

Initial  boiling  point 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

0.7068* 

0.707 

0.707 

at  20/4  C 

0.70252* 

0.702 

0.702 

API  gravity  at  60  F 

68.ti 

68.2 

Density  of  liquid  at  60  F,  Ibs/gal 

5.89 

5.89 

Vapor  pressure  at  70  F,  psia 

100  F.  psia 

0.54* 

0.5 

0.5 

130  F,  psia 

Refractive  index,  20/D 

1.39743* 

1.397 

1.397 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Sulfur  content,  weight  percent 

0.005 

0.005 

Copper  corrosion 

1 

1 

Doctor  test 

negative 

negative 

Flash  point,  approximate,  F 

72 

72 

^Literature  values. 


2,2,5-Trimethylhexane  (4) 


FORMULA 

CHj-C-CHj-CHj-CH-C 

in. 

«3 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  per  cent 

Isooctanes 

Normal  Octane 

2,2,5-T  rimethylhexane 

99.6 

97.2  95.0  min 

2,2,4-Trimethyihexane 

0.4 

2.8 

Isononanes 

1 

Isoparaffins 

Normal  Nonane 

99.80 

99.3  99.0  min 

-158.40* 

Boiling  point.  F 

255.35 

Distillation  range,  F 

Initial  boiling  point 

Dry  point 

0.7174* 

0.717 

0.707 

! 

65.7  1 

65.7 

5.97  ^ 

5.97 

0.26* 

0.3 

0.3 

100  F,  psia 

0.62* 

0.6 

0.6 

130  F,  psia 

1.34* 

1.3 

1.3 

Refractive  index,  20/0 

1.39972* 

1.400 

Color,  Saybolt 

+30 

+30 

Acidity,  distillation  residue 

natural 

Nonvolatile  matter,  grams/ 100  ml 

1 0.0005 

0.0005 

Sulfur  content,  weight  percent 

0.005 

Copper  corrosion 

1 

Doctor  test 

negative 

negative 

Flash  point,  approximate.  F 

55 

55 

*Literature  values. 
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Table  2.24:  n-Nonane  (4) 


FORMULA 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRAOE 

TECHNICAL 

GRADE 

Composition,  w«ight  per  c«nt 

Isooctanes 

Normal  Octant 

2,2.5T  rimathylhexane 

2,2.4-T  rimathylhaxana 

isononants 

Isoparaffins 

0.1 

0.4 

0.5 

Normal  Nonana 

99.9 

99.6 

99.5 

Purity  by  fraazing  point,  mol  % 

99.67 

99.2  99.0  min 

95.9  95.0  min 

Fmtztna  point,  F 

-64.33* 

Boiling  point.  F 

303.44 

Distillation  ranga.  F 

Initial  boiling  point 

303.4 

Dry  point 

304.0 

Soacific  (nvitv  of  liquid  at  80/60  F 

0.7217* 

0.722 

0.722 

at  20/4  C 

0.71763* 

0.718 

0.718 

API  gravity  at  60  F 

64.4 

64.4 

Dtnsity  of  liquid  at  60  F,  Ibs/gal 

6.01 

6.01 

Vapor  prassura  at  70F,psia 

100  F.psia 

0.18* 

0.2 

0.2 

130  F,  psia 

Rafractiva  indax.^O/O 

1.40542* 

1.405 

1.397 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  rasidua 

nautral 

neutral 

Nonvolatile  mattar,  grams/100  ml 

0.0005 

0.0005 

Sulfur  contant.  waight  percant 

Copper  corrosion 

Doctor  test 

Flash  point,  approximate,  F 

86 

86 

*Lit«rsture  viluM. 


Table  2.25;  n-Decane  (4) 


FORMULA 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  waight  par  cant 

Normal  Nonana 

0.05 

Normri  Dacana 

99.94 

99.5 

99.0 

Normal  Undacana 

Normal  Dodacana 

Normal  Tridacana 

Isoparaffins 

0.01 

0.5 

1 

Purity  by  fraazing  point,  mol  % 

99.55 

99.1  99.0  min 

96.5  95.0  min 

Fraazing  point,  F 

-21.39* 

Boiling  point.  F 

345.42* 

Distillation  ranga.  F 

Initial  boiling  point 

344.9 

Dry  Point 

345.4 

Specific  gravity  of  liquid  at  Ml/60  F 

0.7341* 

0.734 

0.734 

at  20/4  C 

0.73005* 

0.730 

0.730 

API  gravity  at  60  F 

61.3 

61.3 

Density  of  liquid  at  60  F.  Ibi/gal 

6.11 

6.11 

Vapor  pressure  at  100  F,  psia 

0.1 

0.1 

Rafractiva  index,  20/D 

1.41189* 

1.412 

1.412 

Color.  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  rtwlue 

neutral 

nautral 

Nonvolatile  mattar,  grami/100  ml 

0.0005 

0.0005 

Flash  point,  ipproximata,  F 

111 

111 

littriturt  vtlutL 
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Table  2.26:  n-Undecane  (4) 


FORMULA 

CH,-ICHjlg-CMj 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

- 

Composition,  weight  per  cent 

Normal  Nonane 

Normal  Decane 

Normal  Undecane 

99.8 

99.8 

99.1 

Normal  Dodecane 

Normal  Tridecane 

Isoparaffins 

0.2 

0.4 

0.9 

99.64 

99.1  99.0  min 

96.7  95.0  min 

Freezing  point,  F 

Boiling  point,  F 

— nil 

mSmEsmmr^^^BSSi 

384 

Dry  Point 

385 

0,744 

0.744 

at  20/4  C 

0.740 

0.739 

58.7 

58.7 

6.19 

6.19 

Vapor  pressure  at  100  F,  psia 

1.417 

1.419 

Color,  Saybolt 

1 t30 

+30 

+30 

Acidity,  distillation  residdle 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

Flash  point,  approximate,  F 

149 

149 

*Literature  valuei 


Table  2.27:  n-Dodecane  (4) 


FORMULA 

RESEARCH 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  weight  per  cent 

Normal  Nonane 

Normal  Decana 

Normal  Undacana 

0.05 

0.3 

Normal  Oodacanc 

99.95 

99.7 

Normal  Tridacana 

trace 

Isoparaffins 

Purity  by  freezing  point,  mol  % 

99.70 

95.5  95.0  min 

Freezing  point.  F 

14.74* 

Boiling  point,  F 

421.30* 



Distillation  ranga.  F 

IIHHBHHBH 

419 

418 

424 

424 

Specific  gravity  of  liquid  at  60/60  F 

0.7526* 

0.753 

at20/4  C 

0.74869* 

■Bm^SSSB 

56.4 

6.27 

6.26 

Vwor  pressure  at  100  F,  psia 

Refractive  index,  20/D 

1.42160* 

1.422 

1.422 

Color.  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

■bihhhhih 

0.0005 

1 

Flash  point,  approximate.  F 

L__ 

160 

160 

*Lrteratura  vsluei 
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Table  2.28:  n-Tridecane  (4) 


FORMULA 

CH3-(CHj),1-CH3 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Normal  Tridec&ne 

99.3 

99.8 

99.2 

Normal  Tetradecane 

Normal  Pentadecane 

Normal  Hexadecane 

Normal  Heptadecane 

Isoparaffins 

0.1 

0.2  ^ 

0.8 

Purity  by  freezing  point,  mol  % 

99.80 

99.49  99.0  min 

96.81  95.0  min 

Freezing  point,  F 

22.29* 

Boiling  point,  F 

455.78* 

Distillation  range,  F 

Initial  boiling  point 

452 

10%  Condensed 

50%  Condensed 

90%  Condensed 

Dry  point 

458 

Specific  gravity  of  liquid  at  60/60  F 

0.7'601*““ 

0760  ' 

0.762" 

at  20/4  C 

0.756 

0.758 

API  gravity  at  80  F 

API  gravity  at  60  F 

54.7 

54.2 

Density  of  liquid  at  60  F.  tbs/gal 

6.33 

6.34 

RefrKtive  index,  20/D 

1.42560* 

1.426 

1.427 

Color,  Gardner 

Acidity,  distillation  residue 

neutral 

neutral 

Sulfur  content,  weight  percent 

0.005 

0.005 

Bromine  number 

Kinematic  viscosity,  cs  at  77  F 

2.25 

Flash  point,  approximate,  F 

175  (0-56)  1 

175  (D-56) 

*Literature  values 


Table  2.29:  n-Tetradecane  (4) 


Table  2.30:  n-Pentadecane  (4) 


FORMULA 

CH3-(CH3>,j-CH3 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

Composition,  weight  percent 

Normal  Tridecane 

Normal  Tetradecane 

99 

Normal  Pentadecane 

Normal  Hexadecane 

Normal  Heptadecane 

Isoparaffins 

0.4 

1 

Purity  by  freezing  point,  mol  % 

99.14 

95.8  95.0  min 

Freezing  point,  F 

42.55* 

488.33* 

485 

90%  Condensed  I 

492 

specific  gravity  of  liquid  at  60/60  F 

0.769 

at  20/4  C 

0.76276* 

0.765 

API  gravity  at  80  F 

API  gravity  at  60  F 

52.5 

6.40 

Refractive  index,  20/D 

BBEuISflH 

1.430 

Color,  Gardner 

BhS 

1 

Acidity,  distillation  residue 

Sulfur  content,  weight  percent 

Bromine  number 

Kinematic  viscosity,  cs  at  77  F 

Flash  point,  approximate,  F 

250** 

250** 

FORMULA 

- --  J 

CH3-(CH3),3-CH3 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Normal  Tridecane 

Normal  Tetradecane 

Normal  Pentadecane 

99.7 

Normal  Hexadecane 

Normal  Heptadecane 

Isoparaffins 

0.3 

Purity  by  freezing  point,  mol  % 

96.80  95.0  min 

Freezing  point.  F 

4874 

Boiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

502 

10%  Condensed 

512 

50%  Condensed 

514 

90%  Condensed 

516 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

0.7721* 

at  20/4  C 

0.76830* 

API  gravity  at  60  F 

API  gravity  at  60  F 

51.77* 

Density  of  liquid  at  60  F,  Ibs/gal 

6.43* 

Refractive  index,  20/D 

1.4332 

Color,  Gardner 

< 1 

Acidity,  distillation  residue 

Sulfur  content,  weight  percent 

Bromine  number 

0.10 

Kinematic  viscosity,  cs  at  77  F 

Fla^  point,  approximate,  F 

270 

literature  values 


Literature  values 
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Table  2.31:  n-Hexadecane  ('4; 


Table  2.32:  n-Heptadecane  (4) 


FORMULA 

CH3-<CH3),^-CH3 

PROPERTIES 

TECHNICAL 

GRADE 

Composjt|qn^  wreight  percent 

Normal  Tridacene 

Normal  Tatradecane 

Normal  Pentadecane 

0.2 

Normal  Hexadecane 

99.6 

Normal  Heptadecane 

isoparaffins 

0.2 

Purity  by  freezing  point,  mol  % 

96.35  95.0  min 

Freezing  point,  F 

63.79 

Boiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

521 

10%  Condensed 

531 

50%  Condensed 

531 

90%  Condensed 

533 

Dry  point 

540 

Specific  gravity  of  liquid  at  60/60  F 

at  20/4  C 

API  gravity  at  80  F 

51.8 

API  gravity  at  60  F 

49.9T 

Density  of  liquid  at  60  F,  Ibs/gal 

6.49 

Refractive  index,  20/0 

1.4352 

Color,  Gardner 

< 1 

Acidity,  distillation  residue 

Sulfur  content,  weigbt  percent 

Bromine  number 

0.21 

Kinematic  viscosity,  cs  at  77  F 

Flash  point,  approximate,  F 

275 

* Literature  vaiuei 


FORMULA 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Normal  Tridecane 

Normal  Tetradecane 

Normal  Pentadecane 

Normal  Hexadecane 

0^ 

Normal  Heptadecane 

99.4 

Isoparaffins 

0.3 

Purity  by  freezing  point,  mol  % 

96.60  95.0  min 

Freezing  point,  F 

70.47 

Boiling  point,  F 

Distillation  range,  F 

5 mm  Hg 

Initial  boiling  point 

289 

10%  Condensed 

291 

50%  Condensed 

292 

90%  Condensed 

292 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

at  20/4  C ; 

API  gravity  at  80  F 

50.8 

API  gravity  at  60  F 

4B.9t 

Density  of  liquid  at  60  F,  Ibs/gal  

6.53 

Refractive  index,  20/0 

Color,  Gardner  ^ 

< 1 

Acidity,  distillation  residue 

Sulfur  content,  weight  percent 

Bromine  number 

0.43 

Kinematic  viscosity,  cs  at  77  F 

Flash  point,  approximate,  F 

300 

* Literature  values 


Table  2.33:  n-Octadecane  (4) 


FORMULA 

CH3-(CH3)^^-CH3 

PROPERTIES 

TECHNICAL 

grade 

Composition,  weight  percent 

Normal  Hexadecane 

0.1 

Normal  Heptadecane 

0.3 

Normal  Octadecane 

99.2 

Normal  Nonadecane 

Normal  Eicosana 

Isoparaffins 

0.4 

95.95  95.0  min 

81.82 

Distillation  range,  F 

5 mm  Hg 

Initial  boiling  point 

10%  Condensed 

50%  Condensed 

90%  Condensed 

312 

95%  Condensed 

313 

API  gravity  at  100  F 

51.8 

API  gravity  at  60  F 

4B.0t 

Density  of  liquid  at  60  F,  ibs/gal 

6.56 

Color,  Gradnar 

1 

Bromine  number 

0.48 

Flash  point,  approximate,  F 

330 

Table  2.34:  n-Nonadecane  (4) 


FORMULA 

CH3-(CH3l^^-CH3 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Normal  Hexadecane 

Normal  Heptadecane 

Normal  Octadecane 

0.5 

Normal  Nonadecane 

99.3 

Normal  Eicosane 

Isoparaffins 

0.2 

Purity  by  freezing  point,  mol  % 

95.37  95.0  min 

Freezing  point,  F 

87.98 

Distillation  ranga,  F 

5 mm  Hg 

Initial  boiling  point 

320 

10%  Condensed 

333 

50%  Condensed 

336 

90%  Condensed 

336 

95%  Condensed 

336 

API  gravity  at  100  F 

51.0 

47.3t 

Density  of  liquid  at  60  F,  Ibs/gal 

6.59 

Color,  GrMlner 

imiBBBmHiH 

Bromine  number 

0.53 

Flash  point,  approximate,  F 

335 

tAPI  gravity  at  60  F is  corrected  from  100F. 


tAPI  gravity  at  60  F is  corrected  from  lOOf . 
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Table  2.35:  n-Eicosane  (4) 


FORMULA 

PROPERTIES 

90% 

GRADE 

Composition,  weight  percent 

Normal  Hexadecan^a 

Normal  Heptadecane 

Normal  Octadecane 

Normal  Nonadecane 

1.25 

Normal  Eicosane 

98.75 

Isoparaffins 

Purity  by  freezing  point,  mol  % 

91.83  90.0  min 

Freezing  point,  F 

95.83 

PROPERTIES 

90% 

GRADE 

Distillation  range,  F 

5 mm  Hg 

Initial  boiling  point 

340 

10%  Condensed 

352 

50%  Condensed 

354 

90%  Condensed 

355 

95%  Condensed 

356 

API  gravity  at  100  F 

49.7 

API  gravity  at  60  F 

46.1t 

Density  of  liquid  at  60  F,  Ibs/gal 

6.63 

Color,  Gradner 

1 

Bromine  number 

0.74 

Flash  point,  approximate,  F 

360 

tAPI  gravity  at  60  F is  corrected  from  100F. 


CYCLOPARAFFINS 


Table  2.36:  Cyclopentane  (4) 


FORMULA 

CH  -CH. 

\ ^ ^ r:  CH_ 

CHj-CHj  ^ 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

90% 

GRADE 

Composition,  weight  percent 

Normal  Pentane 

0.2 

2.0 

Cycle  pentane 

99.97 

99.5 

97.4  95.0  min 

93  90  min 

2.2-Dimethvlbutane 

0.03 

0.1 

0.1 

Normal  Hexane 

0.2 

Methyicyclopentane 

0.2 

0.3 

Purity  by  freezing  point,  mol  % 

99.97 

99.5  99.0  min 

Freezing  point.  F 

-136.96* ** 

Boiling  point.  F 

120.67* 

Distillation  range.  F 

Initial  boiling  point 

120.6 

120.4 

10%  Condensed 

120.9 

50%  Condensed 

120.9 

90%  Condensed . 

121.1 

Dry  point 

120.8 

121.5 

Specific  gravity  of  liauid  at  60/60  F 

0.7505* 

0.750 

0.749 

0.744 

at  20/4  C 

0.74538* 

0.745 

0.745 

API  gravity  at  60  F 

57.2 

57.2 

58.8 

Density  of  liquid  at  60  F.  Ibs/oal 

6.24 

6.24 

6.19 

Vapor  pressure  at  70  F.  psia 

5.25* 

5.3 

5.3 

lOOF.psia 

9.91* 

9.9 

9.9 

10.0 

130  F.  osia 

17.37* 

17.4 

17.4 

Refractive  index.  20/0 

1.40645* 

1.406 

1.405 

1.404 

Color.  Savbolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

neutral 

Nonvolatile  matter,  arams/100  ml 

Q.DOOS 

0.0005 

0.0005 

Sulfur  content,  weight  percent 

0.006 

Kauri  Butanol  value 

53.4 

Aniline  point.  F 

70.5 

Copper  corrosion 

1 

_ Do_ctor  test 

negative 

negative 

negative 

Flash  point,  approximate,  F 

-35 

-35 

-35 

*Literature  values. 

**Mi{or  impurities  are  2,2-0 irmthylbutane  end  2,3-Dimathyibutane. 
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Table  2.37: 


Table  2.38: 


Methylcyclopentane  (4) 


FORMULA 

CH  -CH 

1 CH-CH_ 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Normal  Hexane 

0.06 

0.4 

2.0 

Methylcyclopentane 

99.94 

99.5 

96.5  95.0  min 

2,4-Oimethylpentane 

0.1 

Cyclohexane 

1.5 

Isoheptanes 

3,3-Dimethylpentane 

Benzene  & Toluene,  ppm 

1,1-0  imethylcyclopentane 

1,2  & 1.3-0  imethylcyclopentane 

Purity  by  freezing  point,  mol  % 

99.94 

99.3  99.0  min 

Freezing  point,  F 

-224.42* 

Boiling  point,  F 

161.26* 

Distillation  range,  F 

Initial  boiling  point 

161 

10%  Condensed 

50%  Condensed 

90%  Condensed 

Dry  point 

162 

Specific  gravity  of  liquid  at  60/60  F 

0.7535* 

0.754 

0.754 

at  20/4  C 

0.74864* 

0.749 

0.749 

API  gravity  at  60  F 

56.2 

56.2 

Density  of  liquid  at  60  F,  ibs/gat 

6.28 

6.28 

Vapor  pressure  at  70  F,  psia 

2.24* 

2.2 

2.3 

100  F,  psia 

4.50* 

4.5 

4.5 

130  F.  psia 

8.33* 

8.3 

8.3 

Refractive  index,  20/D 

1.40970* 

1.410 

1.410 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Sulfur  content,  weight  percent 

0.005 

0.005 

Aniline  point,  F 

Kauri  Butanol  value 

Copper  corrosion 

1 

1 

Doctor  test 

negative 

negative 

Kinematic  viscosity,  cs  at  32  F 

- 

Flash  point,  approximate,  F 

-17 

-17 

*Literature  values. 


Cyclohexane  (4) 


FORMULA 

CH 

ch; 

CH_  CH, 

RESEARCH 

99.5% 

98.0% 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Normal  Hexane 

Methylcvdopentane 

0.5 

2,4-Dimethylpentane 

0.01 

0.1 

0.1 

Cyclohexane 

99.98 

99.8  99.5  min 

98.8  98.0  min 

Isoheptanes 

0.1 

0.4 

3,3-D  imethylpentane 

0.01 

0.2 

Benzene  & Toluene,  ppm 

193  500  max 

200  500  max 

1 , 1 -D  imethylcyclopentane 

1,2  & 1. 3-D  imethylcyclopentane 

Purity  by  freezing  point,  mol  % 

99.98 

98.8 

Freezing  point,  F 

43.80* 

(continued) 
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Table  2.38:  (continued) 


PROPERTIES 

RESEARCH 

GRADE 

99.5% 

GRADE 

98.0% 

GRADE 

Boiling  point,  F 

177.33* 

Distillation  range,  F 

Initial  boiling  point 

177.3  175.1  min 

177.3  175.1  min 

10%  Condensed 

50%  Condensed 

90%  Condensed 

Dry  point 

177.8  179.6  max 

177.8  179.6  max 

Specific  gravity  of  liquid  at  60/60  F 

0.7834* 

0.783 

0.781 

at  20/4  C 

0.77855* 

0.779 

0.778 

API  gravity  at  60  F 

49.  T 

49.3 

49.6 

Density  of  liquid  at  6P  F,  Ibs/gal 

6,53* 

6.52 

6.51 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

3.26* 

3,3  3.5  max 

3.3  3.5  max 

130  F,  psia 

Refractive  index,  20/0 

1.42623* 

1.426 

[ 1.424 

Color,  Say  bo  It  — 

+30 

+30  +30  min 

1 +30  +30  min 

_ Acidi^^  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  prams/ 100  ml 

r 0.0007  0.0010  max 

0.0007  0.0010  max 

Sulfur  content,  weight  percent 

1 ppm  5 ppm  max 

1 ppm  5 ppm  max 

Aniline  point,  F 

Kauri  Butanol  value 

56 

Copper  corrosion 

1 1 max 

1 1 max 

Doctor  test 

neg.  neg. 

neg.  neg. 

Kinematic  viscosity,  cs  at  32  F 

0.94 

Flash  point,  approximate.  F 

10 

-1 

‘Literature  values. 


Table  2.39;  1,1-Dlmethylcyclopentane  (4) 


FORMULA 

CM^-CMj 

PROPERTIES 

90% 

GRADE 

Composition,  weight  percent 

Normal  Hexane 

Methylcyclopentane 

2,4-0  imethylpentane 

Cyclohexane 

Isoheptanes 

3,3'D  imethylpentane 

Benzene  & toluene,  ppm 

1,1-Dimethylcyclopentane 

92* 

1,2  & 1,3-Dimethylcyclopentane 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boilingj)oint,  F 

Distillation  range,  F 

Initial  boiling  point 

189 

10%  Condensed 

r 190 

50%  Condensed 

190 

90%  Condensed 

190 

Dry  point 

190 

PROPERTIES 

90% 

GRADE 

Specific  gravity  of  liquid  at  60/60  F 

0.754 

at  20/4  C 

0.749 

API  gravity  at  60  F 

Density  of  liquid  at  60  F,  Ibs/gal 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

130  F,  psia 

Refractive  index,  20/0 

Color,  Saybolt 

Acidity,  distillation  residue 

Nonvolatile  matter,  grams/100  ml 

Sulfur  content,  weight  percent 

Aniline  point,  F 

117 

Kauri  Butanol  value 

42.9 

Copper  corrosion 

1 

Doctor  test 

Kinematic  viscosity,  cs  at  32  F 

Flash  point,  approximate,  F 

<70 

•Major  impurities  are:  Cyclohexane,  3,3-Dimethylpentana  and  2-Methylhexane. 


22  Industrial  Solvents  Handbook 

Table  2.40:  1,2-  and  1 ,3-Dlmethylcyclopentane  (4) 


FORMULA 

CHj 

CH-7^CH 
1 H CH-CH 

PROPERTIES 

90% 

CRAOE 

Comooiition,  weight  percent 

Normal  Hexane 

Methyicvclopentane 

2.4-Oimethylpentane 

Cyclohexane 

Isoheptanes 

3,3-0  imethylpentane 

Benzene  & Toluene,  ppm 

1.1-Dimethylcyclopentane 

1,2  & 1,3-Dimethylcyclopentane 

92t 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

196 

10%  Condensed 

197 

50%  Condensed 

197 

90%  Condensed 

197 

Dry  point 

197 

PROPERTIES 

90% 

GRADE 

Specific  gravity  of  liquid  at  60/60  F 

0.748 

at  20/4  C 

0744 

API  gravity  at  60  F 

Density  of  liquid  at  60  F,  Ibs/gal 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

130  F,  psia 

Refractive  index,  20/D 

Color,  Saybott 

Acidity,  distillation  residue 

Nonvolatile  matter,  gram$/10Q  ml 

Sulfur  content,  weight  percent 

Aniline  point,  F 

120 

Kauri  Butanol  value 

40.5 

Copper  corrosion 

Doctor  test 

Kinematic  viscosity,  c$  at  32  F 

Flash  point,  approximate,  F 

<70 

tMajor  impurity  ii  3*Methvlhexane. 


Table  2.41:  Methylcyclohexane  ^4; 


FORMULA 

CH-CH  ^CHj 

\h^-ch^ 

RESEARCH 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

1,2-Dimethylcyclopentane 

0.08 

0.4 

1.1 

Normal  Heptane 

trace 

0.4 

Methylcyclohexane 

99.90 

99.4 

97.9  95.0  min 

Ethylcyclopentane 

trace 

0.1 

Toluene 

0.02 

0.2 

0.5 

trans-1 ,4-D  imethylcyclohexane 

cis-1,4-Dimethylcyclohexane 

Other  Dimethylcyclohexanes 

trans-1, 2-Dimethylcyclohexane 

ciS'l,2-Dimethylcyclohexane 

ortho-Xylene 

Unidentified  Impurities 

Purity  by  freezing  point,  mol  % 

99.86 

99.3  99.0  min 

Freezing  point,  F 

-195.87* 

-196.20 

Boiling  point,  F 

213.68* 

Distillation  range,  F 

Initial  boiling  point 

211 

50%  Condensed 

Dry  point 

213 

Specific  gravity  of  liquid  at  60/60  F 

0.7740* 

0.774 

0.774 

aT20/4“C 

0.76939* 

0.769 

0.769 

API  gravity  at  60  F 

51.3 

51.3 

Density  of  liquid  at  60  F,  Ibs/gal 

6.44 

6.44 

Vapor  pressure  at  70  F.  psia 

100  F,  psia 

1.61* 

1.6 

1.6 

Refractive  index,  20/D 

1.42312* 

1.423 

1.423 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  mi 

0.0005 

0.0005 

Sulfur  content,  weight  percent 

0.005 

0.005 

Copper  corrosion 

1 

1 

Doctor  test 

negative 

negative 

Flash  point,  approximate,  F 

22 

22 

^Literature  values. 
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Table  2.42:  tran8-1,4-Dlmethylcyclohexane  (4) 


FORMULA 

CHj-CH 

CH-CH^ 

PROPERTIES 

TECHNICAL 

GRADE 

Comoosilion.  weight  percent 

1.20imethvlcvclopentane 

Normal  Heptane 

Methyicyclohexane 

Ethylcyclopentane 

Toluene 

trans-1 ,4*D  ini*lhylcyclohexane 

99.6  

cis- 1 .4-0  imethylcyctohexane 

Other  Dimethylcyclohexanes 

trans  - 1 ,2-Dimethylcyclohexane 

cis-1 ,2-Oimethylcyclohexane 

ortho-Xylene 

Unidentified  Impurities 

0.4 

Purity  by  freezing  point,  mol  % 

95.03  95.0  min 

Freezing  point.  F 

-37.97 

Boiling  point,  F 

Distillation  range.  F _ 

Initial  boiling  point 

245 

50%  Condensed  

Dry  point  

248 

Specific  Gravity  of  liquid  at  60/60  F 

0.7704 

J ^ ^ 

0.7661  

API  gravity  at  60  F J 

Density  of  liquid  at  60  F,  Ib^^i 

Vapor  pressure  at  70  F,  ptie 

^ “iOOF.psia 

Refractive  index,  20/ D ^ 

52.2 

6.41 

0.4 

2.0 

1.4229 

Coior,  Sayboll 
Acidity,  distillation  rwidue 
Nonvolatile  matter,  g^ram^lOO  ml 
Sulfur  content,  weight  percent 
Copper  corrosion 

Doctor  test  

+28 

neutral 

0.0005 

negative 

Flash  point,  approximate,  F 

40  (D  56) 

Table  2.44:  Mixed  1,4-Dlmethylcyclohexanes 


FORMULA 

^e^6 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

1 .2-Oimethylcy  clopentane 

Normal  Heptane 

Methylcyclohexane 

Ethylcyclopentane 

Toluene 

trans- 1 ,4-D  imethy  Icyclohexane 

1 gc  n 

cis-1 ,4-0  imethylcyclohexane 

54.9  f 

Other  Dimethylcyclohexanes 

U 

trans  - 1 ,2-0  imethy  Icy  dohex  ane 

cis- 1 ,2-Dimethylcyclohexane 

ortho-Xylene 

Unidentified  ImfMrities 

Table  2.43:  cls-1,4-Dlmethylcyclohexane  (4) 


FORMULA 

CHj-CH 

CH  CH 

1 i 

CH,  CH, 

CHj-CH 

TECHNICAL 

PROPERTIES 

GRADE 

Composition,  weight  percent 

1,2-Dimethylcyclopentane 

Normal  Heptane 

Methylcyclohexane 

Ethylcyclopentane 

Toluene 

trans- 1 ,4-Oimethylcyclohexane 

0.11 

cii-1,4-Dimethylcyclohexane 

99.89 

Other  Dimethylcyclohexanes 

trans -1,2-Dimethylcyclohexane 

ci^1 ,2-0  imethy  Icyclohexane 

ortho-Xylene 

Unidentified  Impurities 

Purity  by  freezing  point,  mol  % 

97.4  95.0  min 

Freezing  point,  F 

-125.38* 

Boiling  point,  F 

255.78* 

Distillation  range,  F 

Initial  boiling  point  ^ 

255 

50%  Condensed 

Dry  point 

256 

Specific  gravity  of  liquid  at  60/60  F 

0.7872 

at  20/4  C 

0.7825 

API  gravity  at  60  F 

48.2 

Density  of  liquid  at  60  f,  Ibs/gal 

6.56 

Vapor  pressure  at  70  F,  psia 

100F,psia 

0.7 

^fractive  index^20/p _ ^ 

1.4297 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

natural 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

Sulfur  content,  weight  percent 

^pper  corrosion 

Oocjor  test 

Flash  point,  approximate.  F 

60 

* Literature  viluei 


PROPERTIES 

TECHNICAL 

GRADE 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

250 

252 

Dry  point  ] 

253 

0.7784 

at  20/4  C 

0.7739 

API  gravity  at  60  F | 

50.3 

6.48 

Vapor  presure  at  70  F,  psia 

0.4 

100  F,  psia 

2.0 

Refractive  index,  20/0 

1.4257 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grami/100  ml 

0.0005 

Sulfur  content,  weight  percent 

Copper  corrosion 

Doctor  test 

negative 

Fladt  point,  approximate,  F 

45  (D  56) 
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Table  2.45: 


Table  2.46: 


trans-1 ,2-Dimethylcyclohexane  (4) 


FORMULA 

CH, 

CH,  CH-CH 

1 * 1 * 

CHj  CHj~CH 

RESEARCH 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

1,2-Oimethylcyciopentane 

Normal  Heptane 

Methylcydohexane 

0.7 

Ethylcyciopentane 

Toluene 

trans- 1 ,4-0  imethylcyclohexane 

cis-1,4‘Dimethylcyclohexane 

Other  Dimethylcyctohexanes 

0.02 

0.2 

0.2 

trans  - 1 .2-0  imethylcyclohexane 

99.90 

99.6 

96.9  95.0  min 

cis- 1 ,2-0  imethylcyclohexane 

0.08 

0.2 

2.0 

ortho-Xylene 

0.2 

Unidentified  Impurities 

Purity  by  freezing  point,  mol  % 

99.73 

99.3  99.0  min 

Freezing  point,  F 

-126.75* 

Boiling  point,  F 

254.15* 

Distillation  range,  F 

Initial  boiling  point 

252 

50%  Condensed 

Dry  point 

253 

Specific  gravity  of  liquid  at  60/60  F 

0.7803* 

0.780 

0.780 

at20r4  C 

0.77601* 

0.776 

0.776 

API  gravity  at  60  F 

49.9 

49.9 

Density  of  liquid  at  60  F,  Ibs/gal 

6.49 

6.49 

Vapor  presure  at  70  F,  psia 

i‘00  F.  psia 

0.71* 

0.7 

0.7 

Refractive  index.  20/0 

1.42695* 

1.427 

1.427 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

N o^oiat  ile  matte^,  gramiV  1 M ml 

0.0005 

0.0005 

Sulfur  content,  weight  percent 

0.005 

0.005 

Copper  corrosion 

1 

1 

Doctor  test 

negative 

negative 

Flesh  point,  approximate,  F 

51  (0  56} 

51  (0  56) 

*Litsr»ture  vsluat. 


cl8-1,2-Dlmethylcyclohexane  (4) 


FORMULA 

CH-CH  CH- 

1 1 ' 
CH.-CH  CH, 

* N / * 

CH, 

RESEARCH 

PURE 

PROPERTIES 

GRADE 

GRADE 

Composition,  weight  percent 

Methylcydohexane 

trans- 1 ,2-D  imethylcyclohexane 

0.03 

0.1 

cis- 1 ,2-D  imethylcyclohexane 

99.96 

99.7 

Ethylcyclohexane 

Ethylbenzene 

Xylenes 

0,01 

0.2 

Isopropylbenzene 

Isopropylcyclohexane 

Unidentified 

Purity  by  freezing  point,  mot  % 

99.91 

99.5  99.0  min 

Freezing  point,  F 

-58.04* 

Boiling  point,  F 

265.51* 

Distillation  range,  F 

Initial  boiling  point 

(continued) 
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Table  2.46:  (continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

0.8006* 

0.801 

at  20/4  C 

0.79627* 

0.796 

API  gravity  at  60  F 

45.2 

Density  of  liquid  at  60  F,  Ibs/gal 

6.67 

Vapor  pressure  at  70  F.  psia 

0.23* 

0.2 

1(MJ  F.  psia 

0.54* 

0.5 

Refractive  index,  20/D 

1.43596* 

1,436 

Color,  Saybolt 

+30 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

Sulfur  content,  weight  percent 

0.005 

Copper  corrosion 

1 

Doctor  test 

negative 

Flash  point,  approximate,  F 

60  (D  56) 

*Literature  values. 


Table  2.47:  Mixed  1 ,2-Dimethylcyclohexane  (4) 


FORMULA 

PROPERTIES 

PURE 

GRADE 

Composition,  weight  percent 

trace 

34  1 rt-  « . 

gg  f 33.U  mm 

Ethylcyclohexane 

Ethylbenzene 

Xylenes 

trace 

Isopropy  {cyclohexane 

Unidentified 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Soiling  point,  F 

260 

PROPERTIES 

PURE 

GRADE 

Distillation  range,  F 

Initial  boiling  point 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

0.792 

at  20/4  C 

0.789 

API  gravity  at  60  F 

47.2 

Density  of  liquid  at  60  F,  Ibs/gai 

6.59 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

0.6  ’ 

Refractive  index,  20/D 

1.432 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

Sulfur  content,  weight  percent 

0.005 

Copper  corrosion 

1 

Doctor  test 

negative 

Flash  point,  approximate.  F 

55  (D  56) 

'Literature  values. 


Table  2.48:  Ethylcyclohexane  (4) 


FORMULA 

CH,  CH, 

CM,  CH_ 

CM CM  -CH 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Methylcyclohexane 

trans-1,2-DimethytcYclohexane 

cis-1,2-Dimethvlcyclohexane 

2.0 

Ethylcyclohexane 

99.98 

99.5 

96.9 

Ethylbenzene 

0.02 

0.4 

0.8 

Xylenes 

Isopropylbenzene 

Isopropy  Icy  clohexanc 

Unidentified 

trace 

0.1 

0.3 

(continued) 
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Table  2.48:  (continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Purity  by  freezing  point,  mol  % 

99.66 

99.19  99.0  min 

96.06  95.0  min 

Freezing  point,  F 

-168.38* 

Boiling  point,  F 

269.21* 

Distillation  range,  F 

Initial  boiling  point 

266 

Dry  point 

269 

Specific  gravity  of  liquid  at  60/60  F 

0.7922* 

0.793 

0.793 

at  20/4  C 

0.78792* 

0.788 

0.788 

API  gravity  at  60  F 

46.9 

46.9 

Density  of  liquid  at  60  F,  Ibs/gal 

6.60 

6.60 

Vapor  pressure  at  70  F,  psia 

100F,psia 

0.48* 

0.5 

0.5 

Refractive  index,  20/0  

1.43304* 

1.433 

1.433 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue  

Nonvolatile  matter,  grams/100  rnl  _ _ 

neutral 

neutral 

0.0005 

0.0005 

Sulfur  content,  wreight  perwnt 
Copper  corrosion  __ 

Doctor  test 

Flash  point,  approximate.  F 

66 

66 

66 

‘Literature  values. 


Table  2.49:  Isopropylcyclohexane  (4) 


FORMULA 

CH,  *^CH_ 

i ^ 1 ^ 

^CH CH 

"CH, 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Methylcyclohexane 

trans'l,2-Oimethylcyclohexane 

CIS- 1 ,2-Oimethylcyclohexane 

Ethylcyclohexane 

Ethylbenzene 

Xylenes 

0.02 

Isopropylbenzene 

0.02 

0.79 

Isopropylcyclohexane 

99.97 

99.90 

99.05 

Unidentified 

0.06 

0.16 

Purity  by  freezing  point,  mol  % 

99.67 

95.2  95.0  min 

Freezing  point,  F 

-128.9* 

Boiling  point,  F 

310.57* 

Distillation  range,  F 

Initial  boiling  point 

307 

Dry  point 

310 

Specific  gravity  of  liquid  at  60/60  F 

0.807 

at  20/4  C 

0.8024* 

0.803 

43.8 

43.8 

6.72 

6.72 

100  F,  psia  I 

1.44087* 

1.441 

1.441 

Color,  Saybolt  | 

+30 

+30 

+30 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

Sulfur  content,  weight  percent 

Copper  corrosion 

Doctor  test 

Flash  point,  approximate.  F 

96 

96 

96 

‘Literature  values. 
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OLEFINS 


Table  2.50;  Ethylene  (4) 


Table  2.51:  Propylene 


FORMULA 

CHj  - CHj 

PROPERTIES 

RESEARCH 

GRADE 

99.8% 

GRADE 

Composition,  weight  percent 

Propane 

— 

Propylene  

Ethvlene 

99i7 

W’88~  99.8  min 

Ethane 

0.01 

0.04 

Methane 

0.02 

0.08 

Carbon  Dioxide,  ppm 

1 1 5 max 

Acetylene,  ppm  (liquid) 

1 5 max 

Carbonyl,  ppm  (liquid) 

Carbon  Monoxide,  ppm 

1 5 max 

Oxygen,  ppm 

20 

Hydrogen,  ppm 

1 5 max 

Freezing  point,  triple  point,  F 

-272.47* 

Boiling  point,  F 

-154.68* 

Specific  oravity  of  liquid  at  60/00  F 

at  20/4  C 

API  gravity  at  60  F 

Density  of  liquid  at  60  F,  Ibs/gal 

Vapor  pressure  at  70  F,  psia 

100  F.  psia 

130  F,  psia 

Sulfur  content,  ppm 

3 10  max 

Specific  gravity  of  real  gas  at 
60  F and  14.7  psia  (Air  > 1) 

0.9740* 

Specific  volume  of  real  gas  at 
60  F and  14.7  psia,  cu  ft/tb 

13.4524* 

Critical  temperatura,  F 

49.82* 

Critical  pressure,  psia 

742.1*  ^ 

Density  of  real  gas  at  60  F 
and  14.7  psia,  Ib^cu  ft 

0.0743  

Flash  point,  approximate,  F 

-213 

Flammability  limits,  volume  % in  air 

Lower 

2.7* 

Higher 

M* 

Heating  value  for  ideal  gas  at  60  F 
and  14.7  psia«BTU/cu  ft.  dry  basis 

1599* 

FORMULA 

CH, 

o 

X 

k 

PROPERTIES 

RESEARCH 

GRADE 

POLYMERIZATION 

GRADE 

Composition,  weight  percent 
Propane 
Propylene 
Ethylene 
Ethane 
Methane 

0.01 
_ 99.99 

0,5 

99.5  99.0  min 
trace 

Carbon  Dioxide,  ppm 

Acetylene,  ppm  (liquid) 

10 

Carbonyl,  ppm  (liquid) 

20 

Carbon  Monoxide,  ppm 

Oxygen,  ppm 

Hydrogen,  ppm 

Freezing  point,  triple  point.  F 
Boiling  point,  F 

-301.45* 

-53.86* 

- - 

Specific  gravity  of  liquid  at  60/60  F 

0.5220* 

0.522 

_ at2p/4  C. 

0.5139* 

0.514 

API  gravity  at  60  F 

139.6 

Density  of  liquid  at  60  F,  Ibs/gal 

4.35 

Vapor  pressure  at  70  F,  psia 

151 

100  F.  psia 

242 

" . 180  F^psia_ 

328 

Sulfur  content, ppm 

4 

$|^cific  gravity  of  real  gat  at 
^ 60  F and  1 4.7  psia  (Air  = 1 ) 

1.4765* 

Specific  volume  of  real  gas  at 
60  F and  14.7  psia,  cu  ft/lb 

8.8736* 

Critical  ternperature^F 

197.4* 

Critical  pressure,  psia 

667* 

Density  of  real  gas  at  60  F 
and  14.7  osia,  Ibs/cu  ft 

0.1127 

Flash  point,  approximate,  F 

-162 

Flammability  limits,  volume  % in  air 

Lower 

2.0* 

Higher 

10* 

Heating  value  for  ideal  gas  at  60  F 
and  14.7 psia. BTU/cu  ft,  dry  basis 

2334* 

• 

*Literature  value*.  *Literature  values. 


Table  2.52:  Isobutylene  (^4; 


[ CH_ 

FORMULA 

CHjj-C 

:-CH, 

RESEARCH 

PURE 

PROPERTIES 

GRAOE 

GRAOE 

ConH)osition,  weight  percent 

Isobutane 

0.06 

0.1 

Isobutylene 

99.81 

99.3  99.0  min 

Butene- 1 

0.09 

0.4 

Butadiene- 1,3 

Normal  Butane 

0.04 

0.2 

Butene-2 

trace 

trace 

Acetylene  (as  Methylacetylene)  ppm,  wt. 

Water,  ppm,  weight 

177 

Carbonyl  (as  Acetaldehyde)  ppm,  weight 

nil 

Propadiene,  ppm,  weight 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRAOE 

Freezing  point,  F 

-220.63* 

Boiling  point,  F 

19.58* 

Specific  gravity  of  liquid  at  80/60  F 

0.6004* 

0.600 

at  20/4  C 

0.5942* 

API  gravity  at  60  F 

104.3 

Oensity  of  liquid  at  60  F.  Ibs/gal 

4.99 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

63.4 

130  F,  psia 

Sulfur  content,  ppm 

8 

Specific  ;pavity  of  real  gas  at 
60  F and  14.7  psia  (Air  ‘ 1) 

1.997 

Specific  volume  of  real  gas  at 
60  F and  14.7  psia,  cu  ft/lb 

6.561 

Flash  point,  approximate,  F 

-105., 

Flammability  limits,  votuma  % in  air 

Lower 

Higher 

^Literature  valuei 
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Table  2.53:  Butene-1  (4) 


FORMULA 

CHj-CHj 

,-CH  - CHj 

PROPERTIES 

RESEARCH 

GRADE 

POLYMERIZATION 

GRADE 

Composition,  weight  percent 

Isobutene 

0.1 

Isobutylene 

0.2 

0.3 

Butene- 1 

99.8 

99.4  99.0  min 

Butadiene- 1,3 

trace 

Normal  Butane 

0.2 

Butene-2 

trace 

Acetylene  (as  Methylacetylene)  ppm,  wt. 

15  25  max 

Water,  ppm.  weight 

Carbonyl  (as  Acetaldehyde)  ppm,  weight 

10  20  max 

Propadlene,  ppm,  weit^t 

4 

PROPERTIES 

RESEARCH 

GRADE 

POLYMERIZATION 

GRADE 

Freezing  point,  F 

-301.63* 

Boiling  point,  F 

20.73* 

Specific  gravity  of  liquid  at  60/60  F 

0.6013* 

0.601 

at  20/4  C 

0.5951* 

API  gravity  at  60  F 

103.9 

Density  of  liquid  at  60  F,  Ibs/gal 

5.00 

Vapor  pressure  at  70  F.  psia 

37.5 

100F,psia 

67.5  (105F) 

130  F,  psia 

99.7 

Sulfur  content,  ppm 

1 10  max 

Specific  gravity  of  real  gas  at 
60  F and  14.7  psia  (Air-1) 

Specific  volume  of  real  gas  at 
60  F and  14.7  psia.  cu  ft/lb 

Flash  point,  approximate,  1^ 

-112 

Flammability  limits,  volume  % in  air 

Lower 

1.6* 

Higher 

9.3* 

*Literature  valuei. 


Table  2.54:  trans-Butene-2  (4) 


FORMULA 

H 

1 

CH  -C -C-CH. 
3 1 3 

H 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Butene-1 

0.03 

trace 

Normal  Butane 

0.07 

0.2 

1.3 

trans-Butene-2 

97.7  95.0  min 

cis-Butene-2 

0.10 

0.2 

1.0 

Purity  by  freezing  point,  mol  % 

99.76 

99.2  99.0  min 

Freezing  point,  F 

-157.99* 

Boiling  point,  F 

33.58* 

Specific  gravity  of  liquid  at  60/60  F 

0.6100* 

0.610 

0.609 

at  20/4  C 

0.6042* 

API  gravity  at  60  F 

100.5 

100.8 

Density  of  liquid  at  60  F.  Ibs/gal 

5.07 

5.07 

Vapor  pressure  at  70  F.  psia 

29.94* 

29.9 

30 

105  F,  psia 

52.2 

52 

130  F,  psia 

76.4 

76 

Flash  point,  approximate,  F 

-100 

-100 

* Literature  values. 


Table  2.55:  cis-Butene-2  (4) 


FORMULA 

H H 

1 < 

CH  -C  - C-CH 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Butene- 1 

Normal  Butane 

trana-Butene-i 

(ji;03 

0.5 

4.3 

cis-Butene-2 

^57 

99.5 

95.7  95.0  min 

(continued) 
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Table  2.55:  (continued) 


PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Purity  by  freezing  point,  moi  % 

99.92 

99.4  99.0  min 

Freezing  point,  F 

-218.04* 

Boiling  point,  F 

38.70* 

Specific  gravity  of  liquid  at  60/60  F 

0.6271* 

0.627 

0.632 

at  20/4  C 

0.6213* 

API  gravity  at  60  F 

94.2 

92.4 

Density  of  liquid  at  60  F,  Ibs/gal 

5.22 

5.26 

Vapor  pressure  at  70F,  psia 

27.29* 

27.3 

27.8 

105  F,  psia 

49.8 

50.8 

130  F,  psia 

73.2 

74.8 

Flash  point,  approximate,  F 

-100 

-100 

*Literature  vaiuei 


Table  2.56;  Mixed  2-Butenes  (4) 


FORMULA 

CHj-CH ■ 

« CH-CHj 

PROPERTIES 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Butene- 1 

0.3 

Normal  Butane 

2.7 

trans-Butene-2 

. ^5.0»qnQ  - 

52-0  1 ftg  g j 

cis-Butene-2 

55.0 

45.0 » 

Purity  by  freezing  point,  mol  % _ 

Freezing  point,  F 

Boiling  point,  F 

Specific  gravity  of  liquid  at  60/60  F 

0.619 

0.618 

at  20/4  C 

0.615 

0.614 

API  gravity  at  60  F 

97.1 

97.5 

Density  of  liquid  at  60  F,  Ibs/gal 

5.15 

5.14 

Vapor  pressure  at  70  F,  psia 

28.0 

28.1 

105  F,  psia 

51.0 

51.2 

130  F,  psia 

76.5 

76.7 

Flash  point,  approximate,  F 

-95 

-100 

*Literatur8  values. 


Table  2.57:  3-Methylbutene-1  (4) 


FORMULA 

CHj  - CH-CH-CHj 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

S-Methylbutene-I 

99.97 

99.8 

96.3  95.0  min 

2-Methylbutene-l 

0.1 

2.0 

2Methylbutene-2 

Pentene-1 

0,2 

Pentenes-2 

0.02 

0.1 

1.0 

Isopentane 

0.01 

trace 

0.5 

Normal  Pentene 

(continued) 
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Table  2.57;  (continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Purity  by  freezing  point,  mol  % 

99.93 

99.4  99.0  min 

Freezing  point,  F 

-271.29* 

Boiling  point,  F 

68.11* 

Distillation  range,  F 

initial  boiling  point 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

0.6325* 

0.633  ^ 

0.633 

at  20/4  C 

0.6272* 

0.628 

0.628 

API  gravity  at  60  F 

?A,9 j 

91.9 

density  of  liquid  at  60  F,  Sb^gat 

5.27  ' 

5.27 

Vapor  preaure  at  70  F,  psia 

15.25*” 

15.2 

15.0 

100  F^psia 

26'41* 

26.4  _ _ 1 

26.0 

J 30  F.  psia 

Refractive  index,  20/ D 

1.3643* 

1.364  1 

” i.364  ' 

Color,  Say  bolt 

+30 

+30 

+30 

Acidity,  distillatiop  residue 

Nonvolatile  rnatter,  grams/ 100  ml 

Flash  point,  approximate,  F 

-70 

-70  

•Literature  values. 


Table  2.58:  2-Methylbutene-1  (4) 


FORMULA 

CHj-C-CHj-CHj 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

3‘Methylbutene-1 

trace 

0.3 

2-Methylbutene-1 

99.99 

99.8 

97.3  95.0  min 

2-Methvlbutene>2 

trace 

0.1 

Pentene-1 

0.01 

0.1 

1.9 

Pentenes-2 

trace 

0.2 

Isopentane 

Normal  Pentane 

0.1 

0.2 

Purity  by  freezing  point,  mol  % 

99.85 

99.5  99.0  min 

Freezing  point,  F 

-215.61* 

Boiling  point,  F 

88.09* 

Distillation  range,  F 

Initial  boiling  point 

87 

Dry  point 

88 

0.6557* 

0.656 

0.656 

at  20/4  C 

_ 0.650 

API  gravity  at  60  F 

84.2 

84.2 

Density  of  liquid  at  60  F,  Ibs/gal 

5.46 

5.46 

Vapor  pressure  at  70  F,  psia 

10.21* 

10.3 

10.3 

100  F,  psia 

18.40* 

iss 

r 18.8 

130  F,  psia 

32.0 

32.0 

Refractive  index,  20/D 

1.3778* 

1.378 

1.378 

Color,  Sayboit 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

Flash  point,  approximate,  F 

-55 

-55 

Literature  valuei 
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Table  2.59: 


Table  2.60: 


Methylbutene-2  (4) 


FORMULA 

CHj-C^CH-CHj 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

COMMERCIAL 

GRADE 

Composition,  weight  percent 

3'Methvtbutene'l 

2-Methylbutene-l 

trace 

0.2 

0.2 

10.3 

2-Methvlbutene-2 

99.99 

99.5 

97.4  95.0  min 

87.8 

Pentene-1  

trace 

0.1 

Pentenes-2 

0.01 

0.3 

2.3  1 

0.8 

isopentane 

1.1 

Normal  Pentane 

Purity  by  freezing  point,  mol  % 

99.78 

99.3  99.0  min 

Freezin^^oint, 

-208.78’ 

Boiling  point,  F 

101.42* 

Distillation  range,  F 

Initial  boiling  point 

101 

100.7 

Dry  point  

102 

101.3 

Specific  gravity  of  liquid  at  60/50  F 

0.6676* 

0.668 

0.667 

0.668 

_at  20M  C 

0.6623* 

0.662 

1 0.662 

0.663 

API  gravity  at  60  F 

80.3 

80.6 

Density  of  liquid  at  60  F,  ibs/gal 

5.56 

5.55 

5.56 

Vapor  pressure  at  70  F,  psia 

7.76* 

7.8 

7.8 

100  Fj£sia  " 

14.30* 

14.3 

14.3 

130  FjJ»ia_  _ 

r 24.56* 

24.6 

24.6 

Refractive  index,  20/D 

1.3874* 

1.387 

1.387 

1.387 

Color,  Say  bolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutrai 

neutrai 

Nonvolatile  matter,  grams/ 100  mi 

0.0005 

0.0005 

Flash  point,  approximate,  F 

-50 

-50 

-60 

’Literature  values. 


Pentene-1  (4) 


FORMULA 

CH. 

j - CH  - CHj  - CHj  - CHj 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Isopentane 

trace 

0.1 

Pentene-1 

99.9 

99.4  99.0  min 

97.0  95.0  min 

2-MethvlbutBne-1 

0.3 

1.4 

Normal  Pentane 

0,1 

0.5 

trans-Pentene-2 

0.1 

0.2 

0.5 

cis-P8ntene-2 

2-Methylbutene-2 

trace 

0.5 

Purity  by  freezing  point,  mol  % 

Freezing  point.  F 

-265.40* 

Boiling  point.  F 

85.94* 

Distillation  range,  F 

Initial  boiling  point 

85 

Dry  Point 

87 

Specific  gravity  of  liquid  at  60/60  F 

0.6457* 

0.646 

0.646 

at  20/4  C 

0.64050* 

0.641 

0.641 

API  gravity  at  60  F 

87.5 

87.5 

Density  of  liquid  at  60  F.  Ibi/gat 

5.38 

5.38 

Vaoor  oressure  at  70F.Dsia 

10.70* 

10.7 

10.6 

100  F,  psia 

19.12* 

19.1 

19.0 

130  F.  psia 

33.0 

32.8 

Refractive  index.  20/D 

1.37148* 

1.372 

1.372 

Color.  Savbolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

0.0005 

Flash  point,  approximate.  F 

-60 

-60 

Flammability  limits,  volume  % in  air 

Lower. 

1.4* 

Higher 

8.7* 

* Literature  veluet. 
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Table  2.61:  cis-Pentene-2 


Table  2.62:  trans-Pentene-2  (4) 


FORMULA 

H H 
CH^  - C - C 

- CHj  - CHj 

PROPERTIES 

RESEARCH 

TECHNICAL 

GRADE 

GRADE 

WBight  percent 

Isopentane 

Pentena-1 

2-MelhylbutBne'l 

Normal  Pentane 

trans-Pentene-2 

0.1 

3.2 

ciS'Pentene-2 

99.9 

96.8  95.0  min 

2‘Methylbutene>2 

Purity  by  freezing  point,  mol  % 

99.8 

Freezing  point,  F 

-240.50* 

Boiling  point,  F 
Distillation  range,  F 

98.50* 

Initial  boiling  point 

Dry  Point 

Specif  ic  gravity  of  liquid  at  60/60  F 

0.6608* 

0.660 

at  20/4  C 

^ 0.6556* 

0.655 

API  grwity  at  60  F 

82.9 

Density  of  liquid  at  60  F.  Ibs/gal 

5.49 

Vaoor  pressure  at  70  F.  psia 

8.24* 

8.3 



15.12 

15.1 

130  F.  otia 

25.84* 

26.6 

Refractive  Index.  20/0 

1.3830* 

1.383 

Color.  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter.  grams/1(MI  ml 

0.0005 

Flash  point,  approximate.  F 

-50 

Flammability  limits,  yolume  % in  air 

_ iQMier  _ . 

Higher 

* Literature  valuei. 


FORMULA 

H 

CHj  - C « C - CHj  - CHj 
H 

PROPERTIES 

RESEARCH 

GRADE 

Composition,  weight  percent 
Isopentane 

Pentene-I 

2<Methylbutene-1 

Normal  Pentane 

0.02 

trans-Pentene-2 

99.63 

cis-Pentene-2 

0.35 

2-Methylbutene-2 

Putity  by  freezinqpoint,  mol  % 

99.53 

Freezing  point,  F 

-220.44* 

Boiling  point,  F 

97.44* 

Distillation  range,  F 
Initial  boiling  point 
Dry  Point 

Specific  gravity  of  liquid  at  60/60  F 

0.6533* 

at  20/4  C 

0.6482* 

API  gravity  at  60  F 

Density  of  liquid  at  60  F^  lbygal 

5.447* 

_ Vapor  prewre  at  70  F.  psIa 

10.2* 

100  F,  psia 

15.4* 

130  F,  psia 

26.3* 

Refractive  .index,  20/D 

1.3793* 

Color.  Saybolt 

+30 

Acidity,  distillation  residue 

Nonvolatile  matter,  grams/100  ml 

Flash  point,  approximate,  F 

Flimmability  limits,  volume  % in  air 

Lower 

H igher 

* Literature  values. 


Table  2.63:  Mixed  2-Pentenes  (4) 


FORMULA 

CHj  - CH  - CH  - CHj  - CHj 

PROPERTIES 

PURE 

TECHNICAL 

GRADE 

GRADE 

Composition,  weight  percent 

Isopentane 

Pentene-1 

d.i 

0.1 

2-Methylbutene-l 

0.1 

0.3 

Normal  Pentane 

0.1 

1.6 

trans^entene-X 

H 99  0 min 

48.8)  . 

cis-Pentene-2 

53  0^99,0  min 

2 j 95.0  min 

2-Methytbutane'2 

0.1 

1.0 

Purity  by  freezing  point,  mol  % 

Freezir^point,  F 

Boiling  point,  F 

Distillation  range.  F 

Initial  boiling  point 

97 

QryP®!’?! _ 

L- 

PROPERTIES 

PURE 

GRADE 

TECHNICAL 

GRADE 

Specific  gravity  of  liquid  at  60/60  F 

0.656 

0.658 

at  20/4  C 

0.652 

0.654 

API  gravity  at  60  F 

84.2 

83.5 

Density  of  liquid  at  60  F,  ibi/gai 

5.46 

5.48 

Vapor  pressure  at  70  F.  psia 

8.4 

8.J 

100  F.ptia 

15.4 

il.2 

130F,psia  

26.7 

JtpfrKtivejndex,  20/D 

1.380 

1.381 

_ Color,  Saybolt 

+30 

“+30  ' 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0707X15 

O.odos 

Flash  point,  approximate,  F 

-50' 

-50  ' 

Flammability  limits,  volume  % in  air 

_ . 

Higher 
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Table  2.64:  3,3-Dimethylbutene-1  (4) 


Neohexene 


FORMULA 

-3 

CHj  = CH-C-CH^ 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

3,3-0  imethylbutene-1 

98.9 

2,3'Oimethvlbutane 

4^Methylpentenel 

3-Methylpentene-1 

2,3-Oimethyibutene-1 

2,3-Dimethylbutene-2 

cis-4-Methylpentene-2 

t^an^4-Methylpentene■2 

2-Methylpentene-2 

Other  Olefins 

1.1 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

-184.43 

Soiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

106 

1^  Condensed 

t06 

50%  Condensed 

107 

9Q%_C9n*n»d 

111 

Dry  point 

114 

Specific  gravity  of  liquid  at  60/60  F 

0.6582 

Z1 

0.6533 

API  gravity  at  60  F 

83.5 

Density  of  liquid  at  60  If,  tb^gal 

5.48 

Vapor  pressure  at  70  F,  psia 

7.2' 

100  F,  psia 

14.6 

130  F,  psia 

Refractive  index,  20/0 

1.3766 

Color.  Say  bo  It 

+30 

Acidity.  distiHation  residue 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

Doctor  test 

negative 

Flash  point,  approximate,  F 

•Literature  values. 


Table  2.65:  Mixed  2,3-Dlmethylbutenes  (4) 


FORMULA 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

3.3-Dimethylbutene-l 

2,3-0  imethylbutane 

2.0 

4-Methytpentene-1 

3-Methylpentene-1 

2.3D  imethylbutene-1 

32.0  i 

2,3-0  imethylbutene-2 

- 63  9 j 95.0  mm  ' 

cis-4-Methylpentene*2 

trans-4-Methylpentene-2 

2-Methylpentene-2 

2.1 

Other  Olefins 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boding  point,  F 

Distillation  range,  F 

Initial  boiling  point 

1^_  _ __ 

10%  Condensed 

50%  Condensed 

90%  Condensed 

Dry  point 

169 

Specific  gravity  of  liquid  at  60/60  F 

.0.703  

at  20/4  C 

API  gravity  at  60  F 

"69.8 Z 

Density  of  liquid  at  60  F,  Ibs/gal 

5,85 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

57 

130  F,  psia 

Refractive  index,  20/0 

Color,  Saybolt 

" Z +30  7Z  ™'7 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grami7l00  m! 

oj)gp5 

Doctor  test 

Flash  point,  approximate,  F 

~ I35 

•Literature  values. 


Table  2.66:  4-Methylpentene-1  (4) 


FORMULA 

CHj  - CH-CH3-CH-CH3 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

3,3-0  imethylbutene-1 

2,3-0  imethylbutane 

4-Methylpentene-l 

99.94 

99.6 

99.1 

3-Methylpentene-l 

0.02 

0.1 

0.2 

2,3-Dimethyibutene-1 

2,3-0  imethylbutene-2 

cis-4-Methylpentene-2 

0.02 

0.3 

0.6 

trans-4-Methylpentene-2 

0.02 

0.1 

2-Methylpentene-2 

Other  Olefins 

Purity  by  freezing  point,  mol  % 

99.81 

99.3  99.0  min 

97.5  95.0  min 

Freezing  point,  F 

-244.53* 

Boiling  point,  F 

128.96* 

Distillation  range,  F 

Initial  boiling  point 

129 

ld%  Condensed 

50%  Condensed 

90%  Condensed 

Dry  point 

m. 

Specific  gravity  of  liquid  at  60/60  F 

0.6686* 

0.669 

0.669 

at  20/4  C 

0.66370* 

0.664 

0.664 

(continued) 
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Table  2.66: 


Table  2.67: 


(continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

API  gravity  at  60  F 

80.0 

80.0 

Density  of  liquid  at  60  F,  Ibs/gal 

5.57 

5.57 

Vapor  pressure  at  70  F,  psia 

4.48* 

4.5 

4.5 

100  F,  psia 

8.50* 

8.5 

8.5 

130  F.  psia 

14.97* 

15.0 

15.0 

Refractive  index,  20/0 

1.38267* 

1.383 

1.383 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distilfaTTon  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

0.0005 

Doctor  test 

Flash  point,  approximate,  F 

-25 

-25 

^Literature  values. 


cls-4-Methylpentene-2  (4) 


FORMULA 

H H CH- 

1 t 1 

CH  -C  = C-CH-CH 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

3,3-Dimethylbutene-l 

2.3-Dimethylbutane 

^Methylpentene-1 

QJ 

IL2 

3-Methylpentene-1 

2,3-0  imethylbutene-l 

2.3-Dimethylbutene-2 

ci$-4-M  ethyl  pen  tene-2 

99.87 

99.8 

97.1 

trans-4-Methyipentene-2 

0.07 

0.1 

2.4 

2-Methylpentene-2 

Other  Olefins 

0.3 

Purity  by  freezing  point,  mol  % 

96.2  95.0  min 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

130 

Condensed 



5^  Condensed 

90%  Condensed 



Dry  point 

133 

Specific  gravity  of  liquid  at  60/60  F 

0.6741* 

0.674 

0.674 

at  20/4  C 

0.66918* 

0.669 

0.669 

API  gravity  at  60JF 

78.4 

7M 

Density  of  liquid  at  60  F,  Ib&fgal 

5.61 

5.61 

Vapor  pressure  at  70  F,  psia 

4.01* 

4.0 

4.0 

100  F,  psia 

7.73* 

7.7 

7.7 

130  F,  psia 

13.80* 

13.8 

13.8 

Refractive  index,  20/D 

1.38793* 

1.388 

1.388 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  dlsliilation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

Doctor  test 

Flash  point,  approximate,  F 

-25 

-25 

Literature  values. 
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Table  2.68: 


Table  2.69: 


trans-4-Methylpentene-2  (4) 


FORMULA 

H CH 

1 1 

CH,-C  - C-CH-CH, 
3 1 3 

H 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

4-Methvlpentene‘l 

ci$*4-Methvlpentene*2 

trace 

0.1 

0.6 

trans-4‘Methvlpentene*2 

99.98 

99.9 

96.5 

2Methylpentene*1 

2-MethYipentene*2 

Isooiefins 

0.02 

trace 

2.9 

Purity  by  freezing  point,  mol  % 

99.94 

99.2  99.0  min 

95.6  95.0  min 

Freezing  point,  F 

-221.46*  1 

Boiling  point.  F 

137.50* 

Distillation  range,  F 

Initial  boiling  point 

137.1 

Dry  point 

137.8 

Specific  gravity  of  liquid  at  60/60F 

0.6736* 

0.673 

0.674 

at  20/4  C 

0.66862* 

0.669 

0.670 

API  gravity  at  60  F 

78.7 

78.4 

Density  of  liquid  at  60  F.  Ibs/gal 

5.60 

5.61 

Vapor  pressure  at  70  F,  psia 

r 3.66* 

3.7 

3.7 

too  F,  psia 

7.12* 

7,1 

7.1 

130  F,  psia 

12.82* 

12.8 

12.8 

Refractive  index.  20/D 

1.38878* 

, 1.389 

1.389 

Color.  Saybolt 

-t-30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

0.0005 

Flash  point,  approximate,  F 

-20 

-20 

*Literature  values. 


Mixed  4-Methyl-2-Pentenes  (4) 


FORMULA 

^3 

CHg-CH  - CH-CH-CHj 

PROPERTIES 

PURE 

GRADE 

TECHNICAL 
1 GRADE 

Composition,  weight  percent 

4-Methylpentene-1 

0.1 

2.8 

cis-4-Methylpentene-2 

trans-4'Methylpentene-2 

234  ' ' 

20.8 

2*Methylpentene*1 

2-Methylpentene-2 

Isoolefins 

0.2 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boiling  point.  F 

135.0 

Oistiliation  range,  F 

Initial  boiling  point 

136.0 

Dry  point 

137.2 

Specific  gravity  of  liquid  at  60/60F 

0.673 

0.673 

at  20/4  C 

0.669 

0.669 

API  gravity  at  60  F 

78.8 

78.8 

Density  of  liquid  at  60  F,  Ibs/gal 

5.60 

5.60 

Vapor  pressure  at  70  F,  psia 

3.8 

3.8 

100  F,  psia 

7.5 

7.5 

130  F,  psia 

13.0 

13.0 

Refractive  index,  20/0 

1.388 

1.388 

Color,  Saybolt 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  gram^lDO  ml 

00005 

0.0005 

Flash  point,  approximate,  F 

-20 

-20 
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Table  2.70: 


Table  2.71: 


:-Methylpentene-1  (4) 


FORMULA 

", 

CHj-C-CHj-CHj-CHj 

RESEARCH 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  weiqht  percent 

^Methylpentene-1 

0.6 

cis-4-Methylpentene-2 

0.5 

t^an^4-Metl>ylpentene•2 

0.1 

0.2 

2*Methylpentene>1 

99.90 

99.8 

95.8  95.0  min 

2*Methylpentene>2 

Isoolefins 

0.10 

0.1 

2.9 

Purity  by  freezing  point,  mol  % 

99.84 

99.65  99.0  min 

Freezing  point,  F 

-212.30* 

Boiling  point,  F 

143.80* 

Distillation  range,  F 

Initial  boiling  point 

142.8 

Dry  point 

143.6 

Specific  gravity  of  liquid  at  60/60F 

0.6848* 

0.685 

0.685 

at  20/4  C 

0.67987* 

0.680 

0.680 

API  gravity  at  60  F 

75.4 

75.4 

Density  of  liquid  at  60  F.  Ibs/gal 

5.69 

5.69 

Vapor  pressure  at  70  F,  psia 

3.20* 

3.2 

3.2 

100  F.psia 

6.30* 

6.3 

6.3 

130  F.psia 

11.43* 

11.4 

11.4 

Refractive  index,  20/D 

1.39200* 

1.392 

1.392 

Color,  Saybolt 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Flash  point,  approximate,  F 

-15 

-15 

*Literature  values. 


2-Methylpentene-2  (4) 


FORMULA 

CH j-C  - CH-CH j-CHj 

PROPERTIES 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

4-Methylpentene‘l 

cis4-Methylpentene'2 

trans-4-M  ethylpentene-2 

2-Methylpentene>1 

(H 

1.6 

2-MethyIpentene-2 

99.8 

96.0  95.0  min 

Isoolefins 

0.1 

2.4 

Purity  by  freezing  point  mol  % 

Freezing  point  F 

-211.13* 

Boiling  point  F 

153.15* 

Distillation  range.  F 

Initial  boiling  point 

152 

Dry  point 

158 

Specific  gravity  of  liquid  at  60/60F 

0.6913* 

0.692 

at  20/4  C 

0.68650* 

0.687 

API  gravity  at  60  F 

73.1 

Density  of  liquid  at  60  F.  ibs/gal 

576 

Vapor  pressure  at  70  F.psia 

2.57* 

2.6 

100  F,  psia 

5.17* 

5.1 

130  F.psia 

9.58* 

9.6 

Refractive  index,  20/D 

1.40030* 

1.400 

Color,  Saybolt 

+30 

^ +30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Flash  point,  approximate.  F 

-10 

-10 

literature  values. 
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Table  2.72:  Hexene-1  (4) 


FORMULA 

CHj  = CH-CH^-CHj-CHj-CH, 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Hexene- 1 

99.98 

99.7 

96.8 

trans-Hexene-2 

1 A AA 

t n t 

cis-Hexene-2 

[ 0.02 

r 0.2 

1 

Hexene$-3 

0.3 

Normal  Hexane 

0.1 

1.2 

Isoolefins 

1.6 

Heptene-1 

trans-Heptene-3 

cis-Heptene-3 

trans-Heptene-2 

cis-Heptene-2 

Purity  by  freezing  point,  mol  % 

99.97 

99.14  99.0  min 

95.8  95.0  min 

Freezing  point,  F 

-219.67* 

Boiling  point,  F 

146.27* 

Distillation  range,  F 

Initial  boiling  point 

146.2 

Dry  point 

146.3 

Specific  gravity  of  liquid  at  60/60  F 

0.6780* 

0.678 

0.677 

at  20/4  C 

0.67317* 

0.673 

0.674 

API  gravity  at  60  F 

77.2 

77.5 

Density  of  liquid  at  60  F,  Ibs/gal 

5.64 

5.64 

Vapor  pressure  at  70  F,  psia 

3.04* 

3.0 

3.0 

100  F.  psia 

6.01* 

6.0  ' 

6.0 

130  F,  psia 

10.93* 

10.9 

10.9 

Refractive  index,  20/D 

1.38788* 

1.388 

1.388 

Color,  Saybolt 

+30  1 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

0.0005 

Flash  point,  approximate,  F 

-15 

-15 

'Literature  values. 


Table  2.73:  cls-Hexene-2  (4) 


Table  2.74:  Mixed  2-Hexenes  (4) 


FORMULA 

H H 

1 1 

CHj-C  *=  C-CHj-CH^-CHj 

PROPERTIES 

RESEARCH 

GRADE 

Composition,  weight  percent 

Hexene- 1 

0.1 

trans-Hexene*2 

0.2 

cis-Hexene-2 

99.6 

Hexenes-3 

Normal  Hexane 

Isoolefins 

0.1 

Heptene-1 

trans-Heptene-3 

ci$-Heptene-3 

trans-Heptene-2 

cis-Heptene-2 

Purity  by  freezing  point,  mol  % 

99,28 

Freezing  point,  F 

-222.04* 

Boiling  point,  F 

156.00* 

Distillation  range,  F 

Initial  boiling  point 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

0.6920* 

at  20/4  C 

0.68720* 

API  gravity  at  60  F 

Density  of  liquid  at  60  F,  Ibs/gal 

5.760* 

Vapor  pressure  at  70  F,  psia 

2.4* 

100  F,  psia 

4.9* 

130  F.  psia 

9.1* 

Refractive  index.  20/D 

1.39761* 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

Nonvolatile  matter,  grams/ 100  mi 

Flash  point,  approximate,  F 

FORMULA 

CHj-CH  -CH-( 

CHj-CHj-CHj 

PROPERTIES 

Composition,  weight  percent 

Hexene- 1 

trace 

0.3 

trans-Hexene-2 

IJjl  95.0  min 

cis-Hexene-2 

g3jt99.0min 

Hexenes-3 

0.8 

2.1 

Normal  Hexane 

Isoolefins 

Heptene-1 

trans-Heptene-3 

ci$-Heptene-3 

trans-Heptene-2 

cis-Heptene-2 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

155.0 

155.0 

Dry  point 

155.1 

155.1 

Specific  gravity  of  liquid  at  60/60  F 

_ 0^684 

0.686 

at  20/4  C 

API  gravity  at  60  F 

75.4 

74.8 

Density  of  liquid  at  60  F,  Ibs/gal 

5.69 

5.71 

Vapor  pressure  at  70  F,  psia 

2.4 

2.4 

100  F,  psia 

5.0 

5.0 

130  F,  psia 

9.2 

9,2 

Refractive  index.  20/0 

1396 

1.396  ' 

Color,  Saybolt 

+JQ 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ t(N)  ml 

0.0005 

0.0005 

Flash  point,  approximate,  F 

-5 

-5 

literature  values. 
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Table  2.75:  Mixed  2-  and  3-Hexenes  (4)  Table  2.76:  Heptene-1  (4) 


FORMULA 

FORMULA 

CHj 

PROPERTIES 

TECHNICAL 

GRADE 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  wei3hy>e*;ceni 
Hexene- 1 

2.3 

Composition,  weight  percent 
Hexene- 1 

trans-Hexene-2 

trans-Hexene-2 

cis-Hexene  2 

15.8}  95.0  min 

ci$-Hexene-2 

Hexenes-3 

10.8  J 

Hexenes-3 

Normal  Hexane 

Normal  Hexane 

Isoolefins 

Isoolefins 

t.3 

Heptene-1 

Keptene-1 

97.6 

trans-Heptene-3 

trans-Heptene-3 

0.5 

cis-Heptene-3 

cis-Heptene-3 

0.5 

tran$-Heptene-2 

trans-Heptene-2 

0.1 

cis-Heptene-2 

ci$-Heptene-2 

Purity  by  freezing  point,  mol  % 

Purity  by  freezing  point,  mol  % 

95.4  95.0  min 

Freezing  point,  F 

Freezing  point,  F 

-183.0 

Boiling  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Distillation  range,  F 

Initial  boiling  point 

1512'“' 

Initial  boiling  point 

199  

Dry  point 

155.4 

Dry  point 

202 

Specific  gravity  of  liquid  at  60/60  F 

0.685  ■ 

Specific  gravity  of  liquid  at  60/60  F 

0.703'2 

at  20/4  C 

at  20/4  C 1 

0.6982 

API  gravity  at  60  F 

75.1 

API  gravity  at  60  F 

70.0 

Density  of  liquid  at  60  F,  Ibs/gal 

5.70 

Density  of  liquid  at  60  F,  Ibs/gal 

5.85 

Vapor  pressure  at  70  F,  psta 

2.5 

Vapor  pressure  at  70  F,  psia 

6.9 

100  F.psia 

5.2 

100  F,  psia 

2“0  " ' 

130F,psia 

9.6 

130  F.  psia 

3.9 

Refractive  index,  20/0 

1.396 

Refractive  index,  20/D 

1.4003 

Color,  Saybolt 

, -r30 

Color,  Saybolt 

+3Q 

Acidity,  distillation  residue 

neutral 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grarnsZlOO  ml 

0.0005 

Nonvolatile  matter,  grams/KX)  ml 

Flash  point,  approximate.  F 

-10 

Flash  point,  approximate,  F 

25(b  56) 

Table  2.77:  cls-Heptene-2  (4) 


FORMULA 

H H 

1 i 

CH^-C  »C-(CHj)3-CH3 

PROPERTIES 

TECHNICAL 

GRADE 

Freezing  point,  F 

PROPERTIES 

TECHNICAL 

Boiling  point.  F 

209.3 

GRADE 

Distillation  range,  F 

Initial  boilino  ooint 

Composition,  weight  percent 

Dry  point 

Hexene- 1 

Specific  gravity  of  liquid  at  60/60  F 

0.717 

tram-Hexene-2 

at  20/4  C 

cis-Hexene-2 

API  gravity  at  60  F 

67.3 

Hexenes-3 

Density  of  liquid  at  60  F,  Ibs/gat 

5.94 

Normal  Hexane 

Vapor  pressure  at  70  F,  psia 

Issoiefins 

100  F,  psia 

Hepten^1 

130  F.psia 

trsns-Heptene-3 

Refractive  index,  20/0 

cis4leptene-3 

Color,  Saybolt 

■T30 

trans-Heptene-2 

4.0 

Acidity,  distillation  residue 

neutral 

cis-Heptene-2 

96.0  95.0  min 

Nonvolatile  matter,  grami/100  ml 

0.0005 

Flash  point,  approximate,  F 

0 
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Table  2.78:  Mixed  2-Heptenes  (4)  Table  2.79:  Mixed  3-Heptenes  (4) 


FORMULA 

CHj-CH  • CH 

-(CHjIj-CHj 

FORMULA 

CH^-CHj-CH  • CH-(CHj) -CHj 

PURE 

TECHNICAL 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

PROPERTIES 

GRADE 

Composition,  weight  percent 

Composition,  weight  percent 

Heptene-1 

trace 

1.2 

Heptene-1 

2.0 

trans-Heptene'3 

1 1 A 

tran$-Heptene-3 

66-5,  . 

cis-Heptene-3 

1 ' cis-Heptene-3  | 

29  3 j “b.u  min 

trans-Heptene-2 

35.0,  . 

52.1,  . 

tran$-Heptene-2 

0.5 

cis-Heptene-2 

g 1 99-0  niin 

45.0 1 

ci$-Heptene-2 

1.7 

2,4,4-T  rimethylpentene-1 

2,4,4-T  rimethylpentene- 1 

2.4, 4-T  rimethylpentene-2 

2.4,4-T  rimethylpentene-2 

2,3,3-Trimethylpentene-1 

2,3,3-T  rimethylpentene- 1 

isoolefins 

trace 

1 0.3 

Isoolefins  j 

Purity  by  freezing  point,  mol  % 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Freezing  point,  F 

Boiling  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Distillation  range,  F 

Initial  bailing  point 

208.4 

r 208.6 

Initial  boiling  point  | 

204.0 

10%  Condensed 

10%  Condensed 

50%  Condensed 

50%  Condensed 

90%  Condensed 

30%  Condensed 

Dry  point 

212.0 

217.1 

Dry  point 

204.4 

Specific  gravity  of  liquid  at  60/60  F 

0.711 

1 0.709 

Specific  gravity  of  liquid  at  60/60  F 

0.705 

at  20/4  C 

f at  20/4  C 1 

API  gravity  at  60  F 

67.5 

\ 68.0 

API  gravity  at  60  F 

69.2 

Density  of  liquid  at  60  F,  Ibs/gal 

5.92 

1 5.91 

Density  of  liquid  at  60  F,  Ibs/gal 

5.87 

Vapor  pressure  at  100  F,  psia 

1 Vapor  pressure  at  100  F,  psia  ] 

Refractive  index,  20/D 

1.406 

1.405 

Refractive  index,  20/0 

1.405 

Color,  Saybolt 

+30 

+30 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Nonvolatile  matter,  grams/100  mi 

0.0005 

Bromine  number 

Bromine  number 

Kauri  Butanol  value 

Kaurt  Butanol  value 

Copper  corrosion 

Copper  corrosion 

Doctor  test 

. j 

Doctor  test 

Flash  point,  approximate,  F 

28  1 

28 

Flash  point,  approximate,  F 

21 

Table  2.80:  2,4,4-Trimethylpentene-1  (4) 


O' -Di  isobutylene 


FORMULA 

CH.  CH 

1 3 ,3 

CHj  - C-CHj-C-CH^ 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Heptene-1 

trans-Heptene-3 

cis-Heptene-3 

trani-Heptene-2 

ci$-Heptene-2 

2,4,4-T  rimethylpentene-1 

99.86 

99.39 

98.7 

2,4,4-T  rimethylpentene-2 

0.05 

0.08 

0.1 

2,3,3-Trimethylpentene-1 

Isoolefins 

0.09 

0.53 

1.2 

Purity  by  freezing  point,  mol  % 

99.58 

99.0  99.0  min 

97.6  95.0  min 

freezing  point,  F 

-136.26* 

Boiling  point,  F 

214.59* 

(continued) 
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Table  2.80:  (continued) 


PROPERTJES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Distillation  range,  F 

Initial  boiling  point 

214.3 

10%  Condensed 

50%  Condensed 

90%  Condensed 

Dry  point 

214.6 

Specific  gravity  of  liquid  at  60/60  F 

0.7194* 

0.719 

at  20/4  C 

0.7150* 

0.715 

0.716 

API  gravity  at  60  F 

65.3 

65.0 

density  of  liquid  at  60  F,  Ibs/gal 

5.98 

5.99 

Vapor  pressure  at  100  F.  psia 

1.6 

1.6 

flefractive  index,  20/0 

1.4086* 

1.409 

1.409 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 



neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

o.odds 

0.0005 

Bromine  number 

Kauri  Butanol  value 

Copper  corrosion 

■ 

Doctor  te«  ' 

Flash  point,  approximate.  F 

<20{Est.) 

< 20  (Est.) 

*Literature  values. 


Table  2.81:  2,4,4-Trlmethylpentene-2  (4) 

|3“Diisobutylene 


Table  2.82:  Mixed  Dllsobutylenes  (4) 


FORMULA 

CH,  CH_ 

,3  ,3 

CH.-C  - CH-C-CH., 
® 1 ^ 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Heptene-1 

tran>Heptene>3 

cis-Heptenc>3 

trans-Heptene-2 

ci^Heptene>2 

2,4, 4-T  rimethylpentcne- 1 

1.9 

2,4,4-T  rimethylpentene-2 

97.1 

2.3, 3-T  rimethy  Ipentene*  1 

Isoolefins 

1.0 

Purity  by  freezing  point,  mol  % 

95.1  95.0  min 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

219 

i0%  Condensed 

50%  Condensed 

^ Condensed 

Dry  point 

230 

Specific  gravity  of  liquid  at  60/60  F 

0.724 

at  20/4  C 

API  gravity  at  60  F 

64.0 

Density  of  liquid  at  60  F,  ibs/gal 

6.03 

Vapor  pressure  at  100  F,  psia 

1.5 

Refractive  index,  20/D 

1.416 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

Bromine  number 

Kauri  Butanol  value 

Copper  corrosion 

Doctor  test 

Flash  point,  approximate,  F 

35  (D  1310) 

FORMULA 

»=e«i6 

PROPERTIES 

90% 

GRADE 

Composition,  weight  percent 

Heptene-1 

trans-Keptene-3 

ci^Heptene-3 

trant'Heptene-2 

cis-Heptene-7 

2,4,4*T  rimethylpentene<  1 

73.2 

2,4.4-T  rimethylpentene>2 

17.0 

2,3, 3-T  rimethyipentene- 1 

2.9 

Isoolefins 

6.9 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Initial  boiling  point 

10%Condenad 

217 

50%  Condensed 

r 218 

90%  Condensed 

220 

Dry  point 

224  260  max 

Specific  gravity  of  liquid  at  60/60  F 

0.723 

atTOTTC” 

API  gravity  at  60  F 

64.2 

Density  of  liquid  at  60  F.  Ibs/gal 

6.02 

Vapor  pressure  at  100  F,  psia 

2.0 

Refractive  index,  20/0 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grami/100  ml 

Bromine  number 

140.3  130  min 

Kauri  Butanol  value 

38.3 

Copper  corrosion 

1 1 max 

Doctor  test 

nag.  neg. 

Flash  point,  approximate,  F 

35(£st.) 
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Table  2.83:  Octene-1  (4) 


FORMULA 

CMj  - 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Octene-1 

99.95 

99.8 

98.0 

tranS‘Octene-2 

ciS'Octene-2 

mixed-Octenes-3 

0.01 

0.1 

0.5 

trans-Octene-4 

Nonene-1 

Oecene-1 

Isoolefins 

0.04 

0.1 

1.5 

Purity  by  freezing  poih^,  mol  % 

99.73 

99.3  99.0  min 

95.6  95.0  min 

Freezing  point,  F 

-151.12* 

Boiling  point,  F 

250.30* 

Distillation  range,  F 

Initial  boiling  point 

250.0 

Dry  point 

250.3 

Specific  gravity  of  liquid  at  60/60  F 

0.7194* 

0.719 

0.718 

at  20/4  C 

0.71492* 

0.715 

0.714 

API  gravity  at  60  F 

65.3 

65.6 

Density  of  liquid  at  60  F,  Ibs/gal 

5.98, 

5.98 

Vapor  pressure  at  70  F,  psia 

0.23* 

0.2 

0.2 

100  F,  psia 

0-66* 

0.7 

0.7 

130  F,  psia 

1.42* 

1.4 

1.4 

Refractive  index,  20/D 

1.40870* 

1.409 

1.409 

Color,  Saybolt 

+30 

+30 

+30 

Aciditv.  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Flash  point,  approximate,  F 

70 

70 

*Literatufe  values. 


Table  2.84:  cis-Octene-2  (4) 


Table  2.85:  Mixed  2-Octenes  (4) 


FORMULA 

H M 
1 1 
CHj-C  -C 

FORMULA 

CHj-CH  - 

PROPERTIES 

TECHNICAL 

GRADE 

PROPERTIES 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

1 Composition,  weight  percent 

Octene-1 

trace 

Octene-1 

tr3n$-Octene-2 

U 

tr3ns-Octene-2 

50-3i  nn  n 

61.41  - 

cisOctene-2 

95.6 

cis-Octene-2 

49.2,”“""" 

1 

mixedOctenes-3 

QJ 

mixed-Octenev3 

0.4 

trans-Octene-4 

0.1 

trans-Octene-4 

Nonene-1 

Nonene-1 

Decene-1 

Decene-1 

Isooiefins 

0.6 

Isoolefins 

0.1 

0.3 

Purity  by  freezing  point,  mol  % 

95.0  95.0  min 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Freezing  point,  F 

Boiling  point,  F 

Boilirni  point,  F 

Distillation  range,  F 

Distillation  range.  F 

Initial  boiling  point 

257 

Initial  boiling  point 

257.0 

256.9 

Dry  point 

259 

Dry  point 

258.0 

257.5 

Specific  gravity  of  liquid  at  60/60  F 

0.728 

Specific  gravity  of  liquid  at  60/60  F 

0.731 

0.730 

at  20/4  C 

1 at  20/4  C \ 

API  gravity  at  60  F 

62.4 

API  gravity  at  60  F 

62.3 

Density  of  liquid  at  60  F,  Ibs/gal 

6.07 

Density  of  liquid  at  60  F,  Ibs/gal 

iiinm,]jiiiiini[iii 

6.08 

Vapor  pressure  at  70  F,  psia 

1Q0  F,  psia 

100  F,  psia 

130  F.  psia 

130  F.  psia 

Refractive  index,  20/D 

1 1.414 

Refractive  index,  20/0  I 

1.414 

1.414 

Color,  Saybolt 

1 Color,  Saybolt  | 

+30 

+30 

Aciditv.  distillation  residue 

neutral 

Acidity,  distillation  residue  I 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

Nonvolatile  matter,  gram^lOO  ml  I 

Flash  point,  approximate,  F 

Flash  point,  approximate,  F j 

1 

70 
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Table  2.86:  Mixed  Octenes  (4)  Table  2.87:  Nonene-1  (4)  Table  2.88:  Decene-1  (4) 


FORMULA 

Ce«i6 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Octene-1 

34.6] 

trans-Octene-2 
cis-Octene  2 

__20J 

42.3 

95.0  min 

mixed-0ctenev3 

2.3 

r 

tranvOctMe-4  

Nonene-1 

Decene-l 

Isoolefins 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 
Initial  boiling  point 

250.0 

Dry^point 

255.0 

Specific  gravi^  of  liquid  at  60/60  F 

0.724 

at  20/4  C 

0.720 

API  gravity  at  60  F 

63.8 

Density  of  liquid  at  60  F,  Ibs/gal 
Vapqyiressurc  at  70F,  p$ia 

6.08 

too  F,  psia 

0.5 

130  F,  psia 

Refractive  index,  20/0 

1.412 

Color,  Saybott 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  ml 
Flash  point,  approximate,  F 

0.0005 

70 

FORMULA 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Octene  1 

0.7 

trans  Octene-2 

ci$-Octene-2 

mixed-Octenes-3 

trani-Octene-4 

Nonene-1 

98  7 

Decene  1 

Isoolefins 

0.6 

Purity  by  freezing  point,  mol  % 

97.1  95.0  min 

Freezing  point,  F 

-115.04 

Boiling  point,  F 

Distillation  range.  F 

I nitial  boiling  point 

293 

Dry  point 

297 

Specific  gravity  of  liquid  at  60/60  F 

0.7352 

at  20/4  C 

0.7306 

API  gravity  at  60  F 

61.2 

Density  of  liquid  at  60  F.  Ibs/gal 

6.12 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

130  F,  psia 

Refractive  index,  20/0 

1.4161 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

Flash  point,  approximate,  F 

115  (Est.) 

FORMULA 

CH^  - 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Octene  1 

trani-Octene-2 

cis-Octene  2 

mixedOctenes-3 

trans-Octene-4 

Nonene-1 

Decene- 1 

98.9 

isoolefins 

1.1 

Purity  by  freezing  point,  mol  % 

96.0  95.0  min 

Freezing  point,  F 

-89.25 

Boiling  point,  F 

Distillation  range.  F 

initial  ^tl p^oin^ 

336 

Dry  point 

342 

^ecific  gravity  of  liquid  at  60/60  F 

0.7452 

at  20/4  C 

0.7408 

API  gravity  at  60  F 

59.70 

Density  of  liquid  at  60  F,  Ibs/gai 

6.16 

J^apqr  pressure  at  70  F, psia 

100  F,  psia 

130F.osia“ 

Refractive  index.  20/0 

1.4216 

Color,  Saybolt 

j +30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  ml 

Flash  point,  approximate.  F 

120  (Est.) 

Table  2.89:  Undecene-1  (4) 


Table  2.90:  Dodecene-1  (4) 


FORMULA 

CH^  - CM  - - CHj 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Undecene-1 

99.0 

Dodecene-1 

Trideceoe-1 

Tetradecene-1 

Pentadacene-1 

Hexadecene-1 

isoolefins 

1.0 

Puritv  bv  freezing  ooint.  mot  % 

95,7  95.0  min 

Freezine  ooint.  F 

-58.27 

Oistiiiation  range.  F 

Dry  ooint 

S77 

Specific  gravity  of  liquid  at  60/60  F 

0 7»il5t 

•120/4  C 

07519 

API  gravity  at  60  F 

S6.Q 

Density  of  liauid  at  60  F.  Ibi/oal 

6 31 

Refractive  index.  20/D 

1.4268 

Color.  Saybolt 

+30 

nAiitrai 

Fiadt  point,  approximate,  F 

160 

FORMULA 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 
Undecene-1 

- -- - — - 

Dodecentl 

99.2 

Trjdecjene-l . „ 

Tetradecene-1 

0.1 

Paniadecenfi-L  . 

. ._HexadK«.ofi-l  _ 

0.2 

Isoolefins 

0.5 

Puritv  bv  freezina  point,  mol  % 

95.4  95.0  min 

Freezine  point.  F 

-33.39 

Distillation  range,  F 

- initial  boiling  point 

410 

Dry  ooint 

416 

Specific  gravity  of  liquid  at  60/60  F 

0 7674 

— JL2D/1  C , 

0 7564 

API  gravitv  at  60  F 

54.10 

Density  of  liquid  at  60  F.  Ibi/pal  J 

6 347 

Refractive  index,  20/D ^ 

14300 

Color.  Saybolt  [ 

+30 

AcidiliL  difljtlation  residue  __ 

neutral 

Flash  point,  approximate.  F 

174 
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Table  2.91:  Tridecene-1  (4) 


FORMULA 

TECHNICAL 

PROPERTIES 

GRADE 

Comoosition.  weight  percent 

Undecene-I 

Dodecene- 1 

0.1 

Trtdecane-I 

99.7 

Tetradecene-1 

Pentadacena- 1 

Hexadecene-I 

lioolefins 

0.2 

Puritv  bv  freezing  point,  mol  % 

96.6  96.0  min 

Freezing  point.  F 

-jfljas I 

Diitillation  range.  F 

Initial  boiling  point 

AAIB 

Drv  point 

450.7 

Specific  gravity  of  liquid  at  60/60  F 

■ OL7204 

at  20/4  C 

07662 

API  gravity  at  60  F 

52.7 

Density  of  liouid  at  60  F.  Ibi/oal 

6.41 

Refractive  index.  20/D 

_ 1.4336 

Color.  Savbolt 

_±3D_ 

Acidity,  distillation  residue 

neutral 

Flash  point,  approximate,  F 

175 

Table  2.92:  Tetradecene-1  (4) 


FORMULA 

CMj-CM-ICHj),,  -CM^ 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Undecene-1 

Dodecene- 1 

0.1 

. Tiidecenrl 

0.3 

TeLradecsntl 

99.6 

PuilAdecent-l __  ... 

trace 

. ilttfldficene-1.  . . . 

Isootefins 

Puritv  bv  freezing  point,  mol  % 

95.5  95.0  min 

Freezing  ooint.  F 

7.05 

Distillation  range.  F 

Initiil  boiling  point 

474 

Dry  point 

465 

. Specific  gravity  of  liquid  at  60/60  F 

07779 

Jt20/4.C 

0.7737 

API  gwity  ej  M F 

50.4 

Density  of  liquid  aViBO  F.  Ifas7gal 

6.48 

- R.efrB(:tiye  index.*  20/D 

1.4373 

Color,  Savbolt 

+30 

Acidity,  distillation  residue 

neutral 

Flash  point,  approximate,  F 

240 

Table  2.93:  Butadlene-1,3  (4) 


FORMULA 

CHj  - CH-CH  - CHj 

PROPERTIES 

RESEARCH 

GRADE 

SPECIAL 

PURITY 

RUBBER 

GRADE 

Composition,  weight  percent 

Isobutylene 

0.02 

0.05 

0.1 

Butene- 1 

0.02 

0.10 

0.2 

Butadlene-1,3 

99.95 

99.70 

99.5 

trens-Butene-2 

0.01 

0.10 

0.1 

Butadiene  Dimer 

0.05 

0.1 

Purity  by  freezing  point,  mol  % 

99.89 

99.6  99.5  min 

99.4  99.0  min 

Freezing  point,  F 

-164.05* 

Boiling  point,  F 

24.06* 

Specific  gravity  of  liquid  at  60/60  F 

0.6272* 

0.627 

0.627 

at  20/4  C 

0.6211* 

0.621 

0.621 

API  gravity  at  60  F 

94.2 

94.2 

Density  of  liquid  at  60  F,  Ibi/gal 

5.22 

5.22 

Vapor  pressure  at  70  F,  psia 

35.6 

35.6 

100  F,  psia 

64.0 

64.0 

130  F,  psia 

92.2 

92.2 

Specific  gravity  of  real  ^ at 
60  F and  14.7  plia  (Air^l) 

1.9153* 

Specific  volume  of  rtti  ges  at 
60  F and  14.7  psia,  cu  ft/lb 

6.841* 

Flash  point,  approximate,  F 

-lOS 

-105 

Flammability  limits,  volume  % in  Mr 

Lower 

2.0* 

Higher 

11.5* 

*Litfriturt  YsliMs. 
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Table  2.94:  Isoprene  (4) 


Table  2.95:  PIperylene  (4) 


FORMULA 

CH. 

CHj  - C-CH  - CHj 

FORMULA 

CHj  -CH-CH  -CH-CH^ 

PROPERTIES 

RESEARCH 

GRADE 

POLYMERIZATION 

GRADE 

PROPERTIES 

30% 

GRADE 

Composition,  weight  percent 

Composition,  weight  percent 

2-Methylbutene-1 

trace 

0.1 

2-Methylbutene-l 

2*Methylbutadiene-1,3 

99.99 

99.8 

2-Methylbutadiene- 1 .3 

Tentenes-2 

o:oi 

0.1 

Pentenes-2 

0.1 

2-Methybutene-2 

trace 

trace 

2-Methy  butene-2 

0.7 

trans-Pentadiene-1,3 

trans-Pentadiene-1,3 

571 

ciS'Pentadiene-1,3 

ciS'Pentadiene-1,3 

2^  >90.0  min** 

Cyclopentene 

Cyclopentene 

8.2 

€ycTobctadiene*t,5 

Cyclooctediene-1.5 

4-Vinylcyciohexene-l 

4-Vinylcyclohexene-1 

“ l^ethyicyciohexeiie-l 

1 Methylcyclohexene-l 

3-Methylcyclbhexene- 1 

3-Methyicyclohexene-1 

4-Methylcyclohexane- 1 

4 Methylcyclohexane-l 

Unidentified 

Unidentified 

Purity  hy  freezing  point,  mol  % 

99,98 

99.6  99.0  min 

Purity  by  freezing  point,  mol  % 

Freezing  point.  F 

-230.71* 

Freezing  point,  F 

Boiling  point,  F 

93.32* 

Boiling  point.  F 

Distillation  range,  F 

Distillation  range,  F 

Initiaf  boiling  point  > 

Initial  boiling  point 

”107 

10%  Condensed 

10%  Condensed 

108 

50%  Condensed  ' 

50%  Condensed 

108 

90%  Condensed 

90%  Condensed 

109 

Dry  point 

Dry  point 

113 

Specific  gravity  of  liquid  at  80/60  F 

0.6861*"  " 

0.686 

Specific  gravity  of  liquid  at  60/60  F 

0.690 

at  20/4  C 

_ K68095*__ 

0.681 

at  20/4  C 

API  gravity  at  60  F 

■74.8 

API  gravity  at  60  F 

715” 

Density  of  Liquid  at  60  F.  Ibs/gal 

5.71* 

5.71 

Density  of  Liquid  at  60  F,  Ibs/gal 

5.75 

Vapor  pressure  at  70  F,  psia 

9.19* 

9.2  ' 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

16.67* 

16.7 

1DD  F,  psia 

12.7 

130  F,  psia 

28.23* 

28.2 

130  F.  psia 

Refractive  index,  20/D 

' 1.42194* 

1.422 

Refractive  index,  20/D 

Color,  Saybolt 

+30 

+30  

Color.  Saybolt 

Acidity,  distillation  residue 

Acidity,  distillation  residue 

Nonvolatile  matter,  grams/ 1 00  ml 

Nonvolatile  matter,  grams/100  ml 

Doctor  test 

Doctor  test 

Flash  point,  approximate,  F 

-55TE$tJ 

Flash  point,  approximate,  F 

-20  (Ert.) 

•Literature  values. 


•Literature  values. 

••Distribution  of  isomer  content  varies. 


CYCLOOLEPINS 


Table  2.96:  Cyclopentene  (4) 


FORMULA 

1 CH 

CH  - CH  " 

RESEARCH 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Pmtenes-2 

0.02 

0.2 

3.6 

2-Methyll»utene>2 

0.03 

0.2 

0.2 

Cyclopentene 

99.95 

99.6 

95.7  95.0  min 

2-Methylbutene-l 

0.1 

Pentene-1 

0.1 

Cyclopentene 

0.4 

Cydohexene 

Cyclohexane 

(continued) 
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Table  2.96:  (continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Unidentified 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

Puritv  by  freezing  point,  mol  % 

99.93 

99.5  99.0  min 

Frening  point.  F 

-211.14* 

Boiling  point,  F 

Distillation  range.  F 

Initial  boiling  point 

m 

Dry  point 

112 

Specific  gravity  of  liquid  at  60/60  F 

0.7775* 

0.778 

0.778 

at  20/4  C 

0.77199* 

0.772 

0.772 

API  gravity  at  60  F 

50.4 

50.4 

Density  of  liquid  at  60T.  Ibs/gal 

6.48 

6.48 

Vapor  pressure  at  70  F.  psia 

100  F.  psia 

130  F,  psia 

Refractive  index,  20/0 

1.42246*  ^ 

1.422 

1.422 

Color.  Saybolt 

+30  ^ 

^30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005" 

0.0005 

Copper  corrosion 

Doctor  test 

Flash  point,  approximate,  F 

-35 

Flammability  limits,  volume  % in  air 

Lower 

Higher 

*Liter»turB  values. 

Cyclopantene  and  Cytlohexene  are  sometimes  inhibited  with  2,6-ditertl8rybutyl-4-methyIphenol  which 
can  be  removed  by  distillation. 


Table  2.97:  Cyclohexene  (4) 


FORMULA 

CH^ 

"CH  - 

CH^ 

CH 

RESEARCH 

PURE 

PROPERTIES 

GRADE 

GRADE 

Composition,  weight  percent 

Pentene^2 

2-Methylbutene-2 

Cyctopentene 

2-Methylbutene-1 

Pentene-I 

Cyclopentane 

Cyclohexane 

99.99 

99.5 

Cyclohexane 

0.01 

0.2 

Unidentified 

0.3 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

Purity  by  freezing  point,  mol  % 

99.92 

99.4  99.0  min 

Freezing  point,  F 

-154.32* 

Boiling  point,  F 

181.36* 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

Distillation  range,  F 

Initial  boiling  point 

181 

Dry  point 

182 

Specific  gravity  of  liquid  at  60/60  F 

0.8159* 

0.816 

at  20/4  C 

0.81096* 

0.811 

API  gravity  at  60  F 

41.9 

Density  of  liquid  at  60  F,  tbs/gal 

6.79 

Vapor  pressure  at  70  F,  psia 

100  F,  psia 

3.1 

130  F.  psia 

Refractive  index,  20/D 

1.44654* 

1.446 

Color,  Saybolt 

+30 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

Copper  corrosion 

Doctor  test 

Flash  point,  approximate,  F 

10 

Flammability  limits,  volume  % in  air 

Lower 

Higher 

'Literature  values. 

Cyctopentene  and  Cyclohexene  are  sometimes  inhibited  with 

2,6-ditertiarybutyl-4-methyiphenol  which  can  be  removed  by  distillation. 
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Table  2.98:  4-Vinylcyclohexene-1  (4) 


FORMULA 

^ CM 

CMj  ' CM 

CHj  . in, 

" CH-CH-CHj 

RESEARCH 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

2-MethYlbutene-l 

2-MethYlbutadiene-l,3 

Pentenes-2 

2-MethYbutene-2 

trans- Pentad  iene-1, 3 

ci5*Pentadiene-1,3 

CYclopentene 

CYcTbdctadiene*l,5 

0.01 

0.1 

1.5 

4-VinYicYclohexene-1 

99.99 

99.9 

98.5 

l-MethYlcYclohexene-1 

3-MethYlcYclohexene-1 

4-MethYlcYclohexane-l 

Unidentified 

PuriiY  bY  freezing  point,  mol  % 

99.88 

97.0  95.0  min 

TreezTng  point,  F 

-164.07*  j 

^ofUhg  point.  F 

262.4*  ' 

Distillation  range,  F 

Initial  boiling  point 

262 

lD%C6ridensed 

50%  Colidensed 

90%  Condensed  ^ 

dry  point 

265 

^pe^cljfavlt/bTrrQuid  at^/60  F 

0.834*  1 

0.836 

0.836 

at  20/4  J' 

0.830 

0.833 

API  gravity  at  60  F 

37.8 

37.8 

densiry  of  Liquid  at  60  F,  Ibs/gal 

6.96 

6.96 

Vapor  pressure  at  70  f , psia 

TOOT,  psia 

0.5*  1 

0.5 

0.5 

130F,  psia 

Refractive  index,  2WD 

1.464 

1.464 

’Cbib7,~SaYbb^lt 

+30 

+30 

' Acidity,  distTfiation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/tOO  ml 

O.OOOS 

Doctor  test 

Flash  ^nt,  approximate,  F 

70 

70 

•Literature  valuei. 


Table  2.99:  Mixed  Methylcyclohexenes  (4) 


FORMULA 

^7^12 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

2-Methylbutene-l 

2-Methylbutadiene-1,3 

Fentenes7 

2-Methybutene-2 

trans-Pentadiene-1,3 

cis-Pentadiene-1,3 

Cyclopentene 

Cyclooctad  iene-1, 5 

4-VinYlcyclohexenB-l 

l-Methylcyclohexene-l 

0.4) 

3-Methylcyclohexene-1 

45.5/95.0  min 

4-Methylcyclohexane-1 

52.57 

Unidentified 

1.6 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 

initial  boiling  point 

215 

PROPERTIES 

TECHNICAL 

GRADE 

10%  Condensed 

50%  Condensed 

218 

90%  Condensed 

Dry  point 

222 

^ecific  gravity  of  liquid  at  60/60  F 

0.8086 

at  2074^ 

0.8041 

API  gravity  at  60  F 

43.5 

Density  of  Liquid  at  60  F,  Ibs/gal 

6.73 

Vapor  pressure  at  70  F,  psia 

0.6 

lOO  F.  psia 

2.6 

130  F.  psia 

Refractive  index,  20/D 

1.4431 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

Doctor  test 

negative 

Flash  point,  approximate,  F 

30 
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Table  2.100:  Cyclooctadiene-1 ,5  (4) 


FORMULA 

^CH  • 
CH^ 

- 

CH 

-CH, 

CH 

PURE 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

Composition,  weight  percent 

2-Methvlbutene-l 

2-MethYlbutadiene- 1 ,3 

Pentenes-2 

2 Methvbutene-2 

trans-Pentadiene- 1 ,3 

cis-Pe  adiene-1,3 

Cyclopentene 

Cvclooctadiene*i,S 

99.8 

96.4  95,0  min 

4-Vinvlcvclohexene-l 

0.2  

I,  " 

1 •Mothvicvclohexene-  \ 

3-Methylcyclohexene-l 

4-Methylcyclohexanel 

ITnidentifleJ 

Purity  by  freezing  point,  mol  % 

99.5  99.0  min 

Freezing  point,  F 

' Boifing‘p'om~t,  F 

PROPERTIES 

PURE 

TECHNICAL 

GRADE 

GRADE 

Distillation  range,  F 

Initial  boiling  point 

298 

Condensed 

50^ondensed 

' 90%”(Tondensed 

Dry  point 

304 

SpecTfic'gravrty  of  liqurd  at  60/60  F 

0.8865* 

0.886 

at  20/4  C 

0.8833* 

6.883 

API  gravity  at  60  F 

28.2 

Density  of  Liquid  at  60  F,  Ibs/gal 
Vapor^pressure  « 70  F,  psfa 

7.38 

TOO  F,  psia^ 
TSffVpsia; 

0.5* 

0.5 

Refractive  index,  20/d 

1.4933* 

1.493 

Color,  Say  bolt 
Acidity,  distillation  residue 

+30 

“Nonvofatile  matter,'  grams/100  mT 

^DwtoTtest  ~ 

Flash  pomt,  approximate,  F 

100 

96 

* Literature  values. 


AROMATICS 


Table  2.101:  Benzene 


FORMULA 

^CH  - 
CH 

''CH  - 

-CH^ 

CH 

•CH^ 

PROPERTIES 

RESEARCH 

PURE 

GRADE 

GRADE 

Composition,  weight  percent 

Pentene^2 

2-Methylbutene-2 

Cyclopentene 

2>Methylbutene-1 

Pentene-1 

Cyclopentene 

Cyciohexene 

Cyclohexane 

Unidentified 

Benzene 

99.99 

99.8 

Toluene 

0.01 

0.1 

Ethylbenzene 

0.1 

Xylenes 

Purity  by  freezing  point,  mol  % 

99.90 

99.7  99.0  min 

Freezing  point,  F 

41.96* 

Boiling  point,  F 

176.18* 

Distillation  range,  F 

Initial  boiling  point 

175 

Dry  point 

177 

Specific  gravity  of  liquid  at  60/60  F 

0.8845* 

0.684 

at  20/4  C 

0.87901* 

0.879 

API  gravity  at  60  F 

28.6 

Density  of  liquid  at  60  F,  Ibs/gal 

7.36 

Vapor  pressure  at  70  F.  psia 

1.53* 

1.5 

100  F,  psia 

3.22* 

3.2 

130  F,  psia 

6.20* 

6.2 

Refractive  index,  20/D 

1.501  ir 

1.501 

Color,  Saybolt 

♦30 

+30 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  gramt/100  ml 

0.0005 

Cc^per  corrosion 

Doctor  t« 

negative 

Fluh  point,  approximate,  F 

10 

Flammability  Mmits,  volume  % in  air 

1.3* 

Higher 

7.9* 

*Literature  values. 


48  Industrial  Solvents  Handbook 


Table  2.102:  Toluene  (4) 


FORMULA 

,CM- 

CH 

''CH  ■ 

■ CH 

*C  - CH3 
ch'^ 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

Composition,  weight  percent 

PenteclK-2 

2‘Meihyibutene-2 

Cyclopentene 

2Methylbutene-1 

Pentene-1 

■ 



Cyclopentane 

Cyclohexane 

Cyclohexane 

Unidentified 

0.01 

0.1 



Toluene 

99.99 

99.8 

Ethylbenzene 

Xylenes 

0.1 

Purity  by  freezing  point,  mol  % 

99.90 

99J  99.0  min 

Freezing  point,  F 

-138.98* 

Boiling  point,  F 

231.iz* 

Distillation  range,  F 

Initial  boiling  point 

230 

Dry  point 

231 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

Specific  gravity  of  liquid  at  60/60  F 

0.8719* 

0.872 

at  20/4  C 

0.86696* 

0.867 

API  gravity  at  60  F 

30.8 

Density  of  liquid  at  60  F,  Ibs/gal 

7.26 

Vapor  preswre  at  70  F,  psia 

QA^ 

0.4 

100  F,  psia 

1.03* 

1.0 

130  F,  psia 

2.15* 

2.2 

Refractive  index,  20/D 

1.49693* 

1.497 

Color,  Saybolt 

’ 1 ^ 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams^lOO  ml 

O.OQOS 

Copper  corrosion 

1 

boclor  t^ 

Flash  point,  approximate,  F 

Flammability  limits,  volume  % in  air 

Lower 

i.2*212F 

Higher 

7.1*212F 

* Literature  values. 


Table  2.103:  Ethylbenzene  (4) 


FORMULA 

C - CH  -CH_ 

CH  CH 

t tl 

CH  CH 

"ch'" 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 
Benzene 

0.01 

0.3 

0.6 

Toluene 

0.01 

0.2 

0.4 

Ethylbenzene 

99.98 

99.5 

99.0 

para-Xylene 

meta-Xylene 

orthO'Xylene 

Purity  by  freezing  point,  mol  % 

99.92 

99.2  99.0  min 

98.5  95.0  min 

Freezing  point,  F 

-138.96* 

Boiling  point,  F 

277.13* 

Distillation  range,  F 

Initial  boiling  point 

277 

Dry  point 

278 

Specific  jravity  of  liquid  at  60/60  F 

0.8717* 

0.872 

0.872 

at  20/4  C " 

0.86702* 

0.867 

0.867 

API  gravity  at  60  F 

30.8 

30.8 

Densi^  of  liquid  at  60  F,  Ibs/gal 

7.26 

7.26 

Vapor  pressure  at  100  F,  psia 

0.37* 

0.4 

0.4 

130  F,  psia 

0.84* 

r 0.8 

0.8 

Refractive  index,  20/D 

1.49588* 

1.496 

1.496 

Color,  Sayb^t 

+30 

+30 

+30 

„ dittillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

0.0005 

Acid  wash  color 

Color 

Doctor  test 

Flash  point,  approximate,  F 

59(01310) 

59(0  1319) 

Flammability  limits,  volunM  % in  air 

1.0* 

Higher 

6.7* 

*Literature  values. 

Ethylbenzene  is  sometimes  stablized  with  2.6-dlterti8rybutYl'4'methylphenol  which  can  be  removed  by  distillation. 
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Table  2.104: 


Table  2.105: 


p-Xylene  (4) 


FORMULA 

1 l< 

CH3 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Benzene 

Toluene 

Ethylbenzene 

para-Xytene 

99.99 

99.8 

99.0 

meta- Xylene 

0.01 

0.2 

0.6 

ortho-Xylene 

/ 

trace 

0.4 

Purity  by  freezing  point,  mo)  % 

99.94 

99.5  99.0  min 

98.0  95.0  min 

Freezing  point.  F 

55.87* 

Boiling  point,  F 

281,03*  I 

Distillation  ran^,  F _ 

Initial  boitinj  point 

280 

dry  point 

281 

pacific  [gravity  of  liquid  at  60/60  F 

0.8657* 

0.866 

0.866 

at  20/4  C 

0.86105* 

0.861 

0.861 

API  gravity  at  60  F 

31.9 

31.9 

Density  of  liquid  at  60  F,  Ibs/j^al 

7.21 

7.21 

V^r  pressure  at  iOO  F,^ia 

~€iA*  ' 

0.3 

0.3 

130  F,  psia 

0.77* 

0.8 

0.8 

Refractive  index,  20/D  _ 

1 1.49582* 

1.496 

1.496 

Color,  Saybolt 

+M . 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

0.0005 

^Acj^w^cqlor  

1 

1 

Color 

Pass 

Pass 

Doctor  test 

Fta^  point,  approximate,  F 

81 

81 

Flammability  limits,  volume  % in  air 

Lower 

l.f 

Higher 

6.6* 

*Literature  values. 


m-Xylene  (4) 


FORMULA 

CH  CH 

1 n 

CH^  , C -CH, 
CH 

RESEARCH 

PURE  1 

TECHNICAL 

PROPERTIES 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Benzene 

Toluene 

Ethylbenzene 

0.1 

para-Xylene 

0.01 

0.1 

0.4 

mata-Xylene 

99.99 

99.9 

99.2 

ortho-Xylene 

0.3 

Purity  by  freezing  point,  mot  % 

99.94 

99.2  99.0  min 

98.2  95.0  min 

Freezing  point,  F 

-54.17* 

Boiling  point,  F 

282.39* 

Distillation  range,  F 

Initial  boiling  point 

280 

Dry  point 

281 

Specific  gravity  of  liquid  at  60/60  F 

0.8687* 

0.869 

0.869 

at  20/4  C 

0.86417* 

0.864 

0.864 

API  gravity  at  60  F 

31.3 

31.3 

(continued) 
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Table  2.105:  (continued) 


PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Density  of  liquid  at  60  F,  Ibs/gal 

7.24 

7.24 

Vapor  pressure  at  100  F,  psia 

0.33* 

0.3 

0.3 

130  F,  psia 

0.74* 

0.7 

0.7 

Refractive  index,  20/D 

1.49722* 

1.497 

1.497 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Acid  wash  cojor 

Color 

Doctor  test 

negative 

negative 

Flash  point,  approximate,  F 

84 

84 

Flammability  limits,  volujne  % in  air 

Lower 

1.1* 

Higher 

6.4* 

^Literature  values. 


Table  2.106:  o-Xylene  (4) 


Table  2.107:  Cumene  (4) 


FORMULA 

CH*  ' C - CHj 
CH  CH 

'cm" 

FORMULA 

CMj  - CM  - CMj 

CM  ^CM 

1 • 

CM  CM 

*CM^ 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Composition,  weight  percent 

meta-Xylene 

D.3 

meta-Xylene 

mhhhhhh 

ibbbb^i 

onho-Xylane 

99.99 

99.7 

orthoXylene 

0.01 

0.1 

0.2 

Ethylbenzene 

Ethylbenzene 

0.03 

0.3 

0.6 

isopropylbenzene 

Isopropylbenzene 

99.96 

99.6 

99.2 

Norniall^ropylbenzene 

Normal  Propylbenzene 

MethyTethylbenzenes 

Methylethylbenzenes 

1 ,2,4-T  rimethylbenzene 

1,2,4-Trimethylbenzene 

1 ,3,5T  rimethylbenzene 

1,3.5-Trimethylbenzane 

1 ,2,3-T  rimethylbenzene 

1,2,3-T  rimethy  Ibenzeno 

Purity  by  freezing  point,  mol  % 

99.96 

1 99.4  99.0  min 

Purity  by  freezing  point,  mol  % \ 

99.92 

99.3  99.0  min 

98.'5  95.0  min 

Freezing  point.  F 

Freezing  point,  F 

Boiling  point,  F 

Boiling  point,  F 

306.31* 

DistTltati^  Tange.T 

Distillation  range,  F 

Initial  boiling  point 

289 

Initial  boiling  point 

306 

Dry  point 

Z9l 

Dry  point 

Specific  gravity  of  liquid  at  60/60  F 

0.8848* 

0.885 

Specific  gravity  of  liquid  et  60/60  F 

0.8663* 

0.866 

0.866 

' itmT 

0.880 

at  20/4  1 

0S6179* 

D.862 

0.862 

API  gravity  at  80  F 

28.4 

API  gravity  at  60  F 

31.9 

31.9 

Density  of  liquid  at  60  F,  Ibs/gal 

7.37 

Density  of  liquid  at  60  F,  Ibs/gal 

7.21 

7.21 

Vapor  prnsure  at  100  F.  psia 

0.3 

Vapor  pressure  at  100  F,  psia 

0.2 

0.2 

i50T7p«« 

■OJ" 

130  F,  psia 

U.4 

074 

1.505 

Refractive  index,  20/D 

r49T 

r.4or  ‘ 

Color,  Saybolt 

+30 

Color,  Saybolt 

+3iT 

Acidity,  distillation  residue 

neutral 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/lOO  ml 

0.0005 

Nonvoletilc  matter,  grams/100  ml 

0.0005 

Flash  point,  approximate.  F 

88  (D  5B) 

Flash  point,  approximate,  F 

^rrr 

111 

Tlammabilrty  limits,  "voTume  % In  air 

Flammability  limits,  volume  % in  air 

Lower 

1.1* 

Lower 

Higher 

6.4* 

Highar 

* Literature  values.  ^Literature  values. 

Itopropylbenzena  and  1,2,4-TrimethYlben2ene  are  sometimes  stabilized 

with  2,6-ditertiary  butYl-4-mcthYlphenol  which  cen  be  removed  by  distillation. 
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Table  2.108:  n-Propylbenzene  (4)  Table  2.109:  Pseudocumene  (4) 


FORMULA 

CH,-CH^-CH3 

CH  CH 

1 « 

CH 

*CH 

FORMULA 

CH  ' " C - CHj 

c'h^^^cVi 

^3 

PROPERTIES 

TECHNICAL 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Composition,  weight  percent 

metB>Xylene 

meta’Xylene 

— 

ortho-Xylene 

ortho-Xylene 

Ethylbenzene 

Ethylbenzene 

Isopropylbenzene 

Isopropylbenzene 

r 

Normal  Propylbenzene 

96.6  95.0  min 

Normal  Propylbenzene 

Methylethy  I benzenes 

1.9 

Methylethyl  benzenes 

1.6 

1,2,4-TrimBthylbenzene 

1 ,2,4-T  r imethy  Ibenzene 

99.7 

96.1 

1 ,3,5-T  rimethylbenzene 

_ . _ 1,3,5-T rimethylbenzene 

0.01 

0.1 

1.4 

1 ,2,3-T  rimethylbenzene 

1,2,3-T  rimethylbenzene 

0.9 

Purity  by  freezing  point,  mol  % 

Purity  by  freezing  point,  mol  % 

99.90 

99.5  99.0  min 

95.5  95.0  min 

Freezing  point,  F 

_ _ Freezing  point,  F 

-46.84* 

Boiling  point,  F 



Boiling  point,  F 

336.83* 

Distillation  range,  F 

Distillation  range,  F 

Initial  boiling  point 

315 

initial  boiling  point 

336 

Dry  point 

3l9 

Tlry  point 

"157“ 

Specific  gravity  of  liquid  at  60/60  F 

0.8669 

Specific  gravity  of  liquid  at  60/60  F 

0.8802* 

0.880 

0.880 

^^20/4  c 

0.8621 

at  20/4  C 

0.87582* 

0.876 

API  gravity  at  60  F 

31.7 

API  gravity  at  60  F 

29.3 

Density  of  liquid  at  60  F,  Ibi/gal 

T22 

Density  of  liquid  at  60  F,  tb^gal 

7.33 

7.33 

Vapor  pressure  at  100  F,  psia 

Vapor  pressure  at  100  F,  psia 

130  F,  psia 

130  F,  psia 

^BiJBHBli 

Refractive  index,  20/0 

1.4915 

Refractive  index,  20/D 

T5D5 

Color,  Saybolt 

+30 

Color,  Saybolt 

+30 

+30 

Acidity,  distillation  residue 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

Nonvolatile  matter,  grams/ 100  ml  | 

0.0005 

0.0005 

Flash  point,  approximate.  F 

114 

Flash  point,  approximate,  F 

130 

130 

Flammability  limits,  volume  % in  air 

- Flammability  limits,  volume  % in  air 

Lower 

Lower 

Higher 

Higher 

*Liter8turevalu8L 

Isopropylbenzene  end  1,2,4-Trimethylbenzene  are  sometimes  stabilized  with  2,6-ditertiary 
butyl-^-mathyl phenol  which  can  be  removed  by  distillation. 


Table  2.110:  n-Butyibenzene  (4) 


FORMUiA 

CHj  - CHj  - CHj  - CHj 

CH  ' ^'■CH 

CH  CH 

CH 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

secondary-B  uty  Ibenzene 

0.2 

3.8 

normal-Butylbenzene 

99.8 

99.4 

95.6  95.0  min 

l-Phenylbutene-2 

0.6 

other  Alkvibenzenes 

0.2 

0.4 

other  Phenyibutenes 

secondary-A  mylbenzene 

3-Phenylpentane 

2*Phenyl-2-methylbutane 

Light  Amylbenzenes 

Alkylbenzenes 

lecondary-Butyl  Chloride 

Butenes 

Purity  by  freezmg  point,  mol  % 

99.50 

99.2  99.0  min 

Freezing  point.  F 

-126J5* 

Boiling  point.  F 

361J9* 

Distillation  range,  F 

Initial  boiling  point 

10H  Condensed 

SOS  Condensed 

90%  Condensed 

Dry  point 

(continued) 
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Table  2.110:  (continued) 


PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Specific  gravity  of  liquid  at  60/60  F 

0.8646* 

0.865 

0.865 

at  20/4  C 

0.86013* 

0.860 

0.860 

API  gravity  at  60  F 

32.1 

32.1 

Oensity  of  liquid  at  60  F,  Ibi/gal 

7.20 

7.20 

Refractive  index.  20 /D 

1.48979* 

1.490 

1.490 

Color.  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

0.0005 

0.0005 

Color  Alpha  

Flash  point,  approximate,  F 

160 

160 

Flammability  limits,  volume  % in  air 

Lower 

0.8 

Higher 

5.8 

'Literature  valuei 

Normal  Butylbenzene  is  sometimes  stabiized  with  tertiary-butyicatechol  (TBC)  which  can  be  removed 
by  distillation. 


Table  2.111:  Isobutylbenzene  (4) 


FORMULA 

CM 

X "^3 

CH  CH 

t « 

CH  ^CH 

*CH 

PROPERTIES 

RESEARCH 

GRADE 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

Toluene 

0.01 

U 

0.5 

Isopropylbenzene 

tsobutylbenzene 

99.97 

99.6 

99.1 

seco  ndary-Buty  Ibenzene 

normal‘8utvlbenzene 

0.02 

0.2 

0.4 

Water,  ppm,  weight 

<100 

<100 

Purity  by  freezing  point,  mot  % 

99.80 

99.3  99.0  min 

98.5  95.0  min 

Freezing  point,  F 

-60.66* 

Boiling  point,  F 

342.97* 

Distillation  range,  F 

340 

337 

343 

m 

Specific  gravity  of  liquid  at  60/60  F 

0.8576* 

0.858 

0.858 

at  20/4  C 

0.85321* 

0.853 

0.853 

33.4 

33.4 

7.14 

7.14 

0.21 

0.2 

0.2 

Refractive  index.  20/D 

1.48646* 

1.486 

1.486 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

Aniline  point,  F 

Bromine  number 

Flash  point,  approximate.  F 

140 

140 

'Literature  valuei 
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Table  2.112: 


Table  2.113: 


sec-Butylbenzene  (4) 


FORMULA 

( • 

CH  ^CH 

'CH 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Toluene 

Isopropylbenzene 

tertiary-Butylbenzene 

0.02 

0.6 

0.9 

Isobu  tv  1 benzene 

0.1 

secondary-Buty  {benzene 

99.98 

33,4 

98.9 

normal-ButvIbenzene 

0.1 

Water,  ppm,  weight 

Purity  by  freezing  point,  mol  % 

99.93 

99.2  99.0  min 

36.7  95.0  min 

Freezing  point.  F 

-103.85* 

Boiling  point,  F 

343.95* 

Distillation  range,  F 

Initial  boiling  point 

338 

Dry  point 

343 

Specific  gravity  of  liquid  at  60/60  F 

0.8664* 

0.866 

0.866 

at  20/4  C 

0.86207* 

0.862 

0.862 

API  gravity  at  60  F 

31.9 

31.9 

Density  of  liquid  at  60  F,  Ibs/gat 

7.21 

7.21 

Vapor  pressure  at  130  F,  psia 

0.20 

0.2 

0.2 

Refractive  index,  20/0 

1.49020* 

1.490 

1.490 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Aniline  point,  F 

-20 

Bromine  number 

0.5 

Flash  point,  approximate,  F 

126 

P 126 

*Literatur6  values. 

Secondary-Butylbenzene  is  sometimes  stabiized  with  teniary-butyicatechol  {TBO  which  can  be  removed  by  distillation. 


tert-Butylbenzene  (4) 


FORMULA 

CH3-9-CH3 
CH  * ^ CH 

CH  ^CH 

^CH 

PROPERTIES 

RESEARCH 

PURE 

TECHNICAL 

GRADE 

GRADE 

GRADE 

Composition,  weight  percent 

Toluene 

Isopropylbenzene 

0.1 

0.5 

tertiary-Butylbenzene 

99.99 

99.8 

98.2 

Isobutylbenzene 

secondary-Butylbenzene 

0.01 

0.1 

1.1 

normal-Butylbenzene 

0.2 

Water,  ppm,  weight 

Purity  by  freezing  point,  mol  % 

99.82 

99.4  99.0  min 

97.0  95.0  min 

Freezing  point,  F 

-72.13* 

Boiling  point,  F 

336.41* 

Distillation  range,  F 

Initial  boiling  point 

336 

331 

Dry  point 

337 

336 

Specific  gravity  of  liquid  at  60/60  F 

0.8710* 

0.871 

0.871 

at  20/4  C 

0.86650* 

0.866 

0.866 

API  gravity  at  60  F 

31.0 

31.0 

Density  of  liquid  at  60  F,  Ibs/gal 

7.25 

7.25 

Vapor  pressure  at  130  F,  psia 

0.23 

0.2 

0.2 

Refractive  index,  20/D 

1.49266* 

1.493 

1.493 

Color,  Saybolt 

+30 

+30 

+30 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/100  ml 

0.0005 

0.0005 

Aniline  point,  F 

Bromine  number 

Flash  point,  approximate,  F 

140 

140 

*Literature  values. 
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Table  2.114:  1-Phenylbutene-2  Table  2.115:  sec-Amylbenzene  (^4; 


FORMULA 

CHj  - CH  - CH  - CHj 

ch'^'ch 

CH  CH 

•CH 

PROPERTIES 

TECHNICAL 

GRADE 

Composition,  weight  percent 

secondary -Butyl  benzene 

normal-Butylbenzene 

l-Phenylbutene-2 

96.4  95.0  min 

other  Alkyibenzenes 

other  Phenylbutenes 

3.6 

secondary-Amylbenzene 

3-Phenylpentane 

2-Phenyl-2methylbutane 

Light  Amylbenzenes 

Alkyibenzenes 

secondary-Butyl  Chloride 

Butenes 

Purity  by  freezing  point,  mol  % 

Freezing  point,  F 

Boiling  point,  F 

Distillation  range,  F 

Initial  bolting  point 

360 

10%  Condensed 

50%  Condenied 

90%  Condensed 

Dry  point 

367 

Specific  gravity  of  liquid  at  60/60  F 

0.888 

at  20/4  £ _ 

API  gravity  at  60  F 

27J 

Density  of  liquid  at  60  F,  Ibs/gal 

7.40 

RefrKtive  index,  20/D 

1.511 

Color.  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grami/100  ml 

0.0005 

Color  Alpha 

Flash  point,  approximate.  F 

160 

Flemmability  limits,  volume  % in  air 

Lower 

Higher 

* Literature  valuet 

1'Phenvlbutena-2  is  sometimes  stsbilized  with  tertiery-buty  I catechol 
(TBC)  which  can  be  removed  by  distillation. 


Table  2.116:  Mixed  Amylbenzenes  ('4; 


FORMULA 

9b^, 

cm'^^ch 

CH  CM 

•CH" 

PURE 

PROPERTIES 

GRADE 

Composition,  weight  percent 

secondary  >B  utylbanzene 

normaFButvIbenzene 

1-Phenvlbutene-2 

other  Alkyibenzenes 

other  Phenylbutenes 

secondary-Amv  Ibenzane 

38.8 1 

3-Phonylpentane 

39.2  [ 99.0  min 

2-Pheny  l<2'methy  Ibu  tans 

21.7 1 

Light  Amylbenzenes 

0.2 

Alkyibenzenes 

0.1 

sacondary-Butyl  Chloride 

Butenes 

FORMULA 

CHj  - CH  - CHj  - CHj  - CH^ 

ch'^^ch 

CH  CH 

•CM'' 

PROPERTIES 

PURE 

GRADE 

TECHNICAL 

GRADE 

Composition,  weight  percent 

secondary-Butyibenzene 

normal-Butylbenzene 

l-Phenylbutene-2 

other  Alkyibenzenes 

other  Phenylbutenes 

secondary-Amylbenzene 

99.5  99.0  min 

97.3  95.0  min 

3-Phenylpentane 

0.1 

0.8 

2*Phenyl-2-methylbutane 

0.4 

1.9 

Light  Amylbenzenes 

Alkyibenzenes 

secondary-Butyl  Chloride 

Butenes 

hirity  by  freezing  point,  mol  % 

Freezing  point.  F 

- 

Boiling  point,  F 

379.4* 

Distillation  range,  F 

Initial  boiling  point 

374 

370 

10%  Condensed 

50%  Condensed 

90%  Condensed 

Dry  point 

380 

Specific  gravity  of  liquid  at  60/60  F 
at  20/4  C 

”0^628' 
; 0.8M5 

0.663 

0.858 

API  gravity  at  60  F 

" 32.5 

Density  of  liquid  at  60  F,  Ibs/gal 

'7.18 

Refractive  index,  20/0 

1.4876* 

■T.488 

Color,  Saybolt 

+30  ■ 

+30  __ 

Acidity,  distillation  residue 

neutral 

neutral 

Nonvolatile  matter,  grams/ 100  ml 

■ 155 

Color  Alpha 

Flash  point,  approximate.  F 
_ Flammability  limits,  volume  % in  air 
Lower  ___ 

" 155 

Higher 

'Literature  valueL 


PROPERTIES 

PURE 

GRADE 

Distillation  range,  F 

Initial  boiling  point 

10%  Condensed 

370.4 

50%  Condensed 

371.6 

90%  Condensed 

372.0 

Dry  point 

372.4 

Specific  gravity  of  liquid  at  60/60  F 

3t  20/4  C 

0.864 

API  gravity  at  60  F 

Density  of  liquid  at  60  F,  Ibs/gal 

7.25 

Refractive  index,  20/D 

1.490 

Color,  Saybolt 

+30 

Acidity,  distillation  residue 

neutral 

Nonvolatile  matter,  grams/100  mi 

Color  Alpha 

Flash  point,  approximate.  F 

155 

Flammability  limits,  volume  % in  air 

Lower 

Higher 

'Literature  values. 
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Table  2.117:  DIPENTENE  No.  122  Terpene  Solvent  (28) 

DIPENTEINE  NO.  122*  a terpene  solvent  with  a pleasant  terpene  odor  obtained  by  fractionation  of 
oils  extracted  from  pinewood,  meets  the  Federal  specification  for  commercial  dipentene.  It  can  be  used 
as  a component  in  solvent  systems  for  oleores in-based  coatings,  and  as  an  antiskinning  agent.  Other 
uses  include  the  production  of  dipping  finishes  and  various  chemical  specialties. 

General  Sales  Specifications 

UmirfM  Tm  MMhok  MriU*  OB 

Color,  Hazen  (APHA)*^,  max 
Specific  gravity  at  15.6/15.6'C 
Refractive  index  at  2(TC 
ASTM  Distillation,  *C  1st  cc  - 95% 

(i)Americ«n  Public  HuJih  Anociation 

Typical  Properties 
Specific  gravity  at  15.6/15.6*C 
Refractive  index  at  20*C 
Distillation  range,  *C,  5% 

95% 

Freezing  point,  “C 
Flashpoint,  TCC,  *C  (T) 

Aniline  point,  "C 

Unpolymerized  residue,  % 

Monocyclic  terpenes,  % 

Dipentene,  % 

Kauri-butanol  value 

Outstanding  Characteristics 
High  clarity;  near  colorlessness;  pleasant  odor;  high  solvency;  good  antiskinning  properties;  good 
wetting  and  dispersing  properties  for  pigments. 

Solvent  for  synthetic  and  natural  resins,  rubber,  waxes,  raw  and  polymerized  oils,  and  metallic  driers. 


Table  2.1 18:  SOLVENOL  2 Terpene  Solvent  (28) 

A High-Solvency  Terpene  Hydrocarbon 

SOLVENOL*  2 terpene  solvent  is  a pale  yellow  to  near  colorless  liquid  that  has  high  solvency  for 
resins,  waxes,  and  greases.  It  is  exceptionally  effective  as  a softening  and  swelling  agent  for  rubber. 
Of  pine-wood  origin,  it  is  a mixture  of  monocyclic  terpenes  with  a stronger  solvency  than  turpentine 
for  waxes  and  resins. 

General  Sales  Specifications 

IhimihiTiil  Untwnh  in  rm  rairii 

Specific  gravity  at  15.6/15.6*C 
Distillation  range,  ®C,  first  cm*,  min 
95%,  max 


Typical  Properties 

Specific  gravity  at  15.6/15.6*C 

0.860 

Distillation  range,  *C,  5% 

166 

95% 

183 

Color,  Hazen 

45 

Hercules  terpene 

0.3 

Freezing  point,  *C 

<-40 

Flashpoint,  TCC,  ‘F  CQ 

1 15  (46) 

Kauri-butanol  value 

80 

Aniline  point,  *F  (C) 

<23(<-5) 

Density  at  60T  (15.6*C),  Ibs/gal  (kg/1) 

7.17  (.86) 

0.845-0.870 

165 

195 


0.853 
1.475 
175 
183 
<-40 
49  (120) 
<0 
1.5 
91 
37 
62 


0.5 

0.845-0.865 
1.472-1.477 
168  min  - 188  max 


Outstanding  Characteristics 

Clear,  near  colorless  liquid;  high  solvent  power;  highly  effective  softening  and  swelling  agent  for 
natural  and  synthetic  rubbers. 
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Table  2.119:  SOLVENOL  226  Terpene  Solvent  (28) 


SOLVENOL®  226  terpene  solvent  is  a pale  yellow  to  near  colorless  liquid  that  has  high  solvency  for 
resins,  waxes,  and  greases.  Of  pinewood  origin,  it  is  a mixture  of  monocyclic  terpenes  rich  in  para 
-menthane.  It  is  used  as  a solvent  in  the  manufacture  of  cleaning  compounds;  textile  dyes;  waxes  and 
polishes  for  floor,  fomiture,  leather,  and  shoes;  and  in  other  chemical  specialties. 


General  Sales  Specifications 


Specific  gravity  at  15.6/1 5.6’C 

0.829-0.840 

Distillations  range,  *C 

5%,  min 

158 

95%,  max 

180 

Typical  Properties 

Specific  gravity  at  15.6/15.6*C 

0.838 

Refractive  index  at  2(TC 

1.460 

Distillation  range,  X, 

5%,  min 

165 

95%,  max 

172 

Color,  Hazen 

45 

Freezing  point,  *F(*C) 

-40 

Flashpoint  (SETA),  T(C) 

108  (42) 

Kauri-butanol  (KB)  value 

62 

Aniline  point,  *F  (*C) 

73  (23) 

Density  at  60*F  (15.6*C),  Ibs/gal  (kg/1) 

7 (0.84) 

Unpolymerized  residue,  % 

30 

Outstanding  Characteristics 

Clear,  near  colorless  liquid;  high  solvem  power;  excellent  wetting  and  penetrating  properties. 


Table  2.120:  HERCULES  Steam-Distilled  Wood  Turpentine  (28) 

HERCULES®  SDW  TURPENTINE  is  a clear,  water>white  liquid  that  complies  with  all 
requirements  of  Federal  and  ASTM  specifications  for  pure  spirits  of  turpentine. 


General  Sales  Specifications 

Specific  gravity  at  15.6/1 5.6*C  0.860-0.866 

Refractive  index  at  20C  1 .465-1 .469 

ASTM  distillation  range,  *C,  5%  154.0 

95%  170.0 

Typical  Properties 

Specific  gravity  at  15.6/15.6'C  0.861 

Refractive  index  at  20*C  1 .468 

Unpolymerized  residue,  % 1.3 

Initial  boiling  point,  *C  150 

ASTM  distillation  below  170C,  % 98 

Freezing  point,  *C  < -40 

Aniline  point,  *C  21 

Kauri-butanol  value  56 

Moisture  trace 

Hashpoint,  TCC,  ‘CCF)  36  (97) 

Color  (Hercules  terpene)  0. 1 

Density  at  60*F  (15.6’C),  Ibs/gal  (kg/1)  7.18  (.86) 


Outstanding  Characteristics 

Clarity;  water-white  color;  typical  turpentine  odor;  high  solvency  power;  excellent  wetting  and 
penetrating  properties;  uniform  purity. 

Solvent  for  raw  and  bodied  drying  oils,  and  for  natural  and  synthetic  resins  and  waxes. 
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Table  2.121:  HERCULES  alpha-Pinene  (28) 

HERCULES*  alpha-pinene  is  a dear,  water-white  product  obUined  by  fractional  distillation  of  ^ 
steam-distilled  wood  turpentine.  It  consists  predominantly  of  the  btcydtc  terpene  hydrocarbon,  alpha- 
pinene.  Hercules  alpha-pinene  can  be  used  wherever  a high-purity-grade  alphft-pinene  is  required. 


General  Sales  Specifications 


Specific  gravity  at  I5.6’C/15.6*C 

0.8620-0.8645 

Refractive  index  at  20’C 

1.4655-1.4670 

Distillationrange,’C,5  % rain-95  % max 

155-159 

Typical  Properties 

Specific  gravity  at  15.6*C/15.6'C 

0.863 

Refractive  index  at  20*C 
Components,  % 

1.466 

alpha-pinene 

84.7 

Camphene 

13.9 

beta-pinene 

0.5 

Distillation  range,  *C,  5%-95% 

156-158 

Color,  Hercules  terpene 

0.1 

Freezing  point,  *C 

<-40 

Flashpoint,  Tag  closed  up,  *F  fC) 

91  (33) 

Kauri-butanol  value 

52 

Density  at  (iff?  (15.6C),  lbs,/gal  Otg/1) 

7.2  (0.86) 

Outstanding  Characteristics 

Clear,  water-white,  high  purity,  chemically  reactive,  excellent  solvent,  narrow  distallation  range. 


Table  2.122:  Selected  Properties  of  Some  Common  Terpene  Solvents  (43) 


SPEED  OF 

FLASH 

Solubility 

KAURI 

BOIL. 

RANGE, 

EVAPOR. , 

PT. 

Pereremeter 

BUTANOL  INITIAL  DRY  PT. 

MIinJTES 

TCC°F 

fCal/ccr« 

Dlpentenes 

62 

175 

188 

33.0 

125* 

Gum  Turpentine 

65 

155 

183 

16.0 

93" 

00 

• 

to 

Llnonene  125 

58 

162 

179 

112 

Pine  Oil 

>500 

204 

227 

500.0 

188* 

8.61 

Terpene  SW 

>500 

209 

234 

500.0 

180 

"Organic  Solvents,”  Central  Solventa  & Chemical  Co. 
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Table  2.123:  Arizona  Terpene  Products  (5) 

ACINTENE®  A ALPHA-PINENE 

ACINTENE*  A is  a clear,  colorless  liquid  with  a mild  turpentine-like  odor  which  is  very  high  in  alpha-pinene 
content.  ACINTENE®  A is  miscible  in  alcohols  and  insoluble  in  water. 


PRODUCT  PROPERTIES 


Specincations 

Typical  Analysis 

Color,  APHA' 

20  max. 

5 

Distillation  Range,  ®C^ 
First  Drop 

156.3 

97% 

157.4 

Moisture, 

<0.1 

<0.1 

Kauri-butanol  Value^ 

68 

Composition:* 

Alpha-pinene,  % 

91  min. 

93.0 

Camphene,  % 

2.5 

Beta-pinene,  % 

2.5 

Other  Terpenes,  % 

2.0 

Specific  Gravity,  15.5®/15.5®C^ 

0.8636 

Weight  Per  GaUon,  15"C,  lb 

7.19 

Refractive  Index,  20®C? 

1.4661 

Flash  Point,  Closed  Cup, 

33(91) 

Qf  AhalYgts; 

1.  ASTMD  1209-79 

2.  ASTM  D 802-82 

3.  Arizona  Method 

4.  ASTM  D 1133-86 


5.  By  Gas  Chromatography.  Arizona  Chemical 
Company  method  furnished  upon  request 

6.  ASTM  D 93-85  by  tag-closed  tester 


ACINTENE®  B Beta  Pinene 


CHj 

II 


CH 


ACINTENE  8 Beta  Pinene  is  obtained  by  fractional  distillation  of  sulfate  turpentine. 
It  is  used  as  an  intermediate  in  the  manufacture  of  synthetic  resins. 


Product  Characteristics 

Specification 

Typical  Analysis 

Method  of  Analysis 

Color.  APHA 

20  max. 

5 

ASTM  D 1209-62 

Distillation  Range.  °C: 

ASTM  D 233-65 

First  Drop 

165-167' 

166 

90% 

167-169 

169 

97% 

169  173 

172 

Specific  Gravity.  15.5°C/15.50C 

0.8685  min. 

0.8708 

ASTM  D233-65 

0.8715  max. 

250C/25OC 

0.8654 

Refractive  Index.  20°C 

1.4760  min. 

1.4774 

ASTM  D233-65 

1.4780  max. 

Flash  Point.  Closed  Cup.  °F 

100 

ASTM  D56-64 

Moisture,  % 

0.0 

0.0 

Arizona  Method 

Composition  by  GLC: 

flL'Pinene,  % 

7.5 

ifi'-Pinene.% 

76.3 

Dipentene, % 

7 7.0 

Camphene.  % 

1.7 

p-Cymene,  % 

0.5 

Others.  % 

3.0 

Pounds  Per  Gallon,  15°C 

7.25 

260C 

7.19 

(continued) 
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Table  2.123:  (continued) 


ACINTENE®  DP  DIPENTENE 

ACINTENE*  DP  is  a Clear,  yellowish  Pquid  with  a lemon-pine-like  odor.  It  is  obtained  by  several  tractlonal 
distillations  ot  crude  sulfate  turpentine.  ACINTENE  DP  is  not  a co-product  of  any  process  and  is  sometimes  referred 
to  as  a "naturar  dipentene.  ACINTENE  DP  is  miscible  in  alcohols  and  insoluble  in  water. 


PRODUCT  PROPERTIES 


Specifications 

Typical  Analysis 

Color,  Gardner  ^ 2 max. 

<1 

Distillation  Range,  ®C  ^ 

Rrst  Drop 

177 

95% 

187 

Kauri-Butanol  Value  ^ 

90 

Composition:  ^ 

Alpha-Pinene,  % 

<1 

Beta-Pinene,  % 

5 

Camphene,  % 

<1 

Myrcene/Carene,  % 

1 

Dipentene,  % * 

73 

Para-Cymene/Terpinolene,  % 

10 

Terpene  Alcohols,  % 

<1 

Other  Terpenes.  % 

10 

Specific  Gravity.  15.5®/15.5°C  ^ 

0.8558 

Weight  Per  Gallon.  15®C.  lb 

7.13 

Refractive  Index,  20°C  ^ 

1.4779 

Rash  Point,  Closed  Cup.  ®C(®F)  ^ 

54(130) 

Indudes  some  beta-phellandrene. 

Methods  of  Analysis: 


1.  ASTM  D 1544-86;  Using  Gardner  color  disks  - 1963  standard, 
50%  in  heptane. 


2.  ASTM  D 802-82 

3.  ASTM  D 1133-86 


4.  By  Gas-Liquid  Chromatography.  Arizona  Chemical  Company 
method  furnished  on  request. 

5.  ASTM  D 93-85  by  tag-closed  tester 


ACINTENE®  CRDB  TERPENE 


PRODUCT  PROPERTIES 


Specification 

Typical  Analysis 

Color,  Gardner' 

15 

AN 

<0,5 

Moisture,  Vo 

0 

Composition:^ 

Total  Terpene  Alcohols,  % 

36 

Alpha-Terpineol,  % 

21 

Cis-Anethole,  % 

4 

Trans- Anethole,  % 

15  min. 

19 

Methyl  Chavicol,  % 

10  min. 

15 

Other  Terpene  Alcohols,  % 

15 

Other,  % 

26 

Specific  Gravity,  15.5715.5°C^ 

0.959 

Weight  Per  Gallon,  15°C,  lb 

7.8 

EPA  24  Volitals 

99.8 

Flash  Point,  Closed  Cup,  °C(®F)" 

91(195) 

METHODS  OF  ANALYSIS; 

1.  ASTMD  1544-86 

2.  ASTMD  803-93 

3.  By  Gas-Liquid  Chromatography.  Arizona  Chemical  Company  method 
furnished  on  request. 

4.  ASTM  D 93-85  by  Tag-Closed  Tester 

(continued) 
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Table  2.123:  (continued) 


ACINTENE®  N LIQUID  TERPENE  POLYMER 

ACiNTENE^  N is  a dark  brown,  very  viscous  liquid  obtained  from  the  tractlonai  distillation  of  sulfate  turpentine 
It  is  composed  of  terpene  dimers  and  polymers.  ACINTENE  N is  soluble  in  turpentine,  aromatic  solvents,  and 
mineral  spirits. 


PRODUCT  PROPERTIES 


Specifications 

Typical  Analysis 

Color,  Gardner' 

18  max. 

17 

Moisture,  % ^ 

0.2  max. 

0.05 

Specific  Gravity,  15.5®/15.5®C  ^ 

0.963 

Weight  Per  Gallon.  15°C,  lb 

8.02 

Viscosity,  Gardner-Holdt,  25°C  ^ 

Zamin. 

2e+ 

Viscosity,  cps,  25®C 

3400 

Rash  Point,  Closed  Cup.  °C(®F)  ^ 

150  (300)  min. 

163(325} 

Methods  of  Analysis:  1 . ASTM  D 1 544-86;  Using  Gardner  color  disks  - 1 963  standard, 

50%  in  heptane 

2.  ASTM  D 802-82 

3.  ASTM  D 93-85  by  tag-closed  tester 


ACINTENE®  L TURPENTINE  BOTTOMS  FRACTION 

ACINTENE®  L is  a dark  brown,  viscous  liquid  obtained  from  the  fractional  distillation  of  sulfate  turpentine.  It  is 
composed  of  diterpenes,  trlterpenes,  and  higher  molecular-weight  terpene  polymers-  ACINTENE  L is  soluble  in 
turpentine,  aromatic  solvents,  and  mineral  spirits. 


PRODUCT  PROPERTIES 


Typical  Analysis  | 

Color,  Gardner ' 

13+ 

Specific  Gravity,  15.5®/15.5®C  ^ 

0.96 

Weight  Per  Gallon^  15®C,  lb 

8.00 

Viscosity,  Gardner-Holdt,  25°C  ^ 

Z2 

Viscosity,  cps,  25°C 

3400 

Flash  Point,  Closed  Cup,  °C(°F)  ^ 

163(325) 

Methods  of  Analysis  1 . ASTM  D 1 544-86;  Using  Gardner  color  disks  - 1963  standard, 
50%  in  heptane 

2.  ASTM  D 802-82 

3.  ASTM  D 93-85  by  tag-closed  tester 
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COMPARATIVE  DATA 

Table  2.124:  Amoco  PANASOL  Solvents  (20) 


Panasol  solvents  sales  specifications* 

Panasol 

Panasol 

Panasol 

Panasol 

AB-130 

AN-2K 

AN>3N 

AN-3S 

Specific  gravity 

at  le'CferF),  ASTM  D4052 

0.860  ■ 0.890 

0.934  - 0.947 

0.979  - 1 007 

0.979-  1.007 

at  25'’C/25”C,  ASTM  D4052 

— 

— 

— 

Distillation  point,  ASTM  D86 

Initial  boiling  point,  °C  (°F),  min. 

149(300) 

177  (350) 

210(410) 

232  (450) 

95%  boiling  point,  "C  (°F) 

202(395) 

— 

— 

End  point.  °C  (®F).  max. 

__ 

288  (550) 

288  (550) 

288  (550) 

Flash  point.  ASTM  D56,  TCC, 

°C  ("F),  min. 

38(100) 

63(145) 

— 

— 

°C  {°F),  max. 

57(135) 

— 

— 

— 

Flash  point,  ASTM  D93,  PMCC 

°C  (°F),  min. 

— 

— 

95(203) 

95(203) 

Color,  ASTM  01500,  max. 

1.0 

2.0 

2.0 

2.0 

Appearance  at  16°C{61°F), 

clear,  no  free 

clear,  no  free 

clear,  no  free 

clear,  no  free 

visual  test 

suspended 

suspended 

suspended 

suspended 

matter 

matter 

matter 

matter 

Aromatics,  ASTM  D1319,  vot  %,  min 

98 

78 

95 

95 

Copper  corrosion.  ASTM  0849 

— 

Pass 

Pass 

Pass 

Panasol  Solvents  non-specification  properties 

Inspection  Tests 

AN-2K 

AN-3N 

AN-3S 

HAB-500 

AB-130 

API  Gravity  @ 60"F 

20.3 

11.8 

10.9 

13.2 

30.4 

Specific  Gravity  @ 60^f 

0.932 

0.987 

0.994 

0.978 

0.874 

Lbs./Gal.  @ 60''F 

7.762 

8.224 

8.276 

8.110 

7.278 

ASTM  Color 

0.5 

0.5 

<1.0 

3.5 

<0.5 

TCC  Flash  Point.°F 

151 

208 

>212 

207 

127 

Mixed  Aniline  Point, 

76.5 

53.8 

52  7 

57.4 

60.4 

Kauri-Butanol  Value 

98.0 

89.0 

65.0 

85.0 

Aromatics,  Weight  % 

86.0 

99.5 

992 

99.8 

98.6 

Mono-aromatics 

31.6 

13.9 

5.1 

8.5 

96.6 

Di-aromatics 

54.4 

85.6 

94.1 

91.3 

2.0 

Molecular  Weight  by  VPO 

175 

164 

157 

196 

215 

Crystallization  Point, °F 

-48 

-8 

+5 

-45 

-48 

Pour  Point, °F 

-54 

-17 

-11 

<-76 

-71 

Distillation, °F 

Initial  Boding  Point 

354 

436 

470 

412 

328 

5 

376 

450 

482 

466 

340 

10 

386 

456 

488 

516 

344 

20 

404 

464 

492 

532 

347 

30 

418 

470 

496 

546 

350 

40 

430 

474 

498 

556 

351 

50 

444 

478 

501 

565 

352 

60 

456 

484 

504 

572 

354 

70 

468 

490 

506 

578 

356 

80 

480 

498 

510 

584 

360 

90 

494 

510 

518 

594 

364 

95 

508 

522 

526 

610 

369 

End  Point 

532 

540 

543 

649 

422 

XRF  Sulfur  Content,  ppm 

*ND 

*ND 

*ND 

*ND 

*ND 

XRF  Chloride  Content,  ppm 

68 

^ND 

9 

*ND 

*ND 

NO=  None  detected 
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Table  2.125:  Ashland  Aliphatic  and  Aromatic  Solvents  (69) 


Aliphatic  Solvents 


PRODUCT 

LB. /GAL 
60°  F 

SP.  GR- 
60°/60°  F 

BOILING  RANGE 
°C  °F 

FL  PT. 
ICC 

KB 

ANILINE 
PT.  °F 

ARO 

FVAP 

RATE’ 

Pentane 

5.26 

0.631 

34-40 

94-104 

<0 

26 

— 

0 

8.1 

Hexane 

5.61 

0.675 

. 65-70 

149-158 

<0 

29 

151 

<0.1 

6.3  ’ 

Cyclohexane 

6.53 

0.784 

80-82 

176-180 

0 

55 

652 

0 

5.5 

LACOLENE™ 

6.04 

0.725 

91-109 

19S229 

18 

33 

150 

<1 

2.4 

Super  LACOLENE™ 

6.31 

0.758 

91-110 

195-230 

18 

47 

105 

20 

2.2 

Heptane 

5,79 

0.695 

92-100 

198-212 

15 

30 

146 

0.1 

4.5 

VM  & P Naphtha 

6.20 

0.744 

119-141 

246-285 

50 

32 

153 

<1 

1.6 

90  Solvent 

6.35 

0.762 

140-163 

28M25 

86 

34 

150 

<1 

0.33 

KWIK  DRI™ 

6.44 

0.772 

154-182 

310-360 

105 

32 

154 

<1 

Rule  66  Mineral  Spirits 

6.44 

0.773 

154-196 

31CK386 

105 

32 

155 

<1 

Mineral  Spirits,  NE 

6.50 

0.780 

154-205 

319400 

105 

36 

139 

14 

Odorless  Mineral  Spirits 

6.32 

0.759 

174-213 

345-415 

125 

28 

185 

<1 

0.11 

Low  Odor  Base  Solvent 

6.61 

0.793 

182-201 

379550 

150 

30 

166 

4 

<0.01 

140  Solvent 

6.54 

0.785 

188-288 

369394 

142 

31 

160 

1 

0.08 

Mineral  Seal  Oil 

6.79 

0.816 

254-318 

499605 

2653 

22 

187 

8 

<0.01 

^ n-Butyl  Acetate  = 1 2 Mixed  Aniline  Point  ^COC 


Aromatic  Solvents 


PRODUCT 

LB./GAL. 
60°  F 

SP.  GR. 
60°/60®F 

BOILING  RANGE 
°C  °F 

FL.  PT. 
°F  TCC 

KB 

MAP 

EVAP. 

RATE^ 

Toluene 

7.27 

0.873 

119111 

230-233 

45 

105 

50 

1.8 

Ethyl  Benzene 

7.26 

0.871 

135-137 

27S278 

59 

96 

50 

0.90 

Xylene 

7.23 

0.866 

138-143 

280-289 

81 

98 

52 

0.86 

HI-SOL®10 

7.29 

0.876 

152-177 

306-350 

105 

90 

55 

0.15 

H1-SOL70 

7.14 

163-202 

325-395 

105 

70 

95 

0.10 

HI-SOL  15 

7.43 

177-216 

359420 

142 

89 

61 

0.06 

^ n-Buty I Acetate  = 1 
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Table  2.126:  Chemcentral  Solvents  (Aliphatic  and  Aromatic)  (67) 


ALIPHATIC  PETROLEUM 
NAPHTHAS* 

A.P.I. 

Qravity 

60/60^F 

H,0  = 1 
SpocHIc 
Gravity 
60/60®F 

Pounds 

Per 

Qai.# 

60*F 

Coeff. 

of 

Eipen. 

P8f®C 

A Spec. 
Orevlly 
Per 
®C 

Refrac- 

tive 

index 

f»20«C 

Oistiltation  Range 
A'  760  mm  Hg 

Vapor 

Preas. 

fl6«®F 
(mm  Hg) 

®C 

“F 

Hf  pIANf 

1 1 

0 H9 

r>  fli 

0001  1 

00066 

1 191? 

93  6 98  4 

200  5 209 

45  0 

• If  KANI 

/n  » 

n f,;«, 

r>  61 

00015 

00077 

1 181? 

66  70  5 

151  159 

140  0 

Kl  Mnsi  Nl 

0 H !H1 

GUM 

0 0009 

00080 

1 4485 

W7  ?77 

150  522 

04 

I ACijilf  H Dll  Ul  Nt 

i 

0 7 49S 

6 73^ 

0 001  I 

00066 

1 4«54 

97  107 

706  725 

60  0 

»360  SOLVENT  “ 

51.7 

0.772 

6.423 

0.0008 

.00048 

1 .4258 

157-179 

31S-3S3 

2.9 

MINI  MAI  SI  At  Oil 

\7  I 

0 inB:< 

6 96 

0 0009 

00059 

1 4665 

778  116 

53?  600 

0 01 

MINI  MAI  SI’IMtlS 

t 

n 7fi7 

G S!> 

0 0009 

0005  7 

1 414/ 

153  198 

307  389 

3 4 

OOOHl  1 SS  IWUNHtAI  siMttns 

ft  A ; 

0 

G .144 

0 001  t 

00070 

1 4?40 

179  198 

154  388 

05 

Htinm  It  sotvtNi 

/ 1 •. 

0 7<>() 

S 83 

0 00 1 3 

00077 

1 1908 

4?  135 

107  275 

180  0 

STOOMRO  solvir^ 

51.8 

0.7720 

ik427 

0^0009 

00055 

1 4278 

i66”l98 

3iT3S7 

“To 

nr  usotv 

,-G  K 

(1  6H7' 

5 68 

0 00 1 3 

0007  5 

1 1H?9 

64  80 

M6  176 

1 55  0 

VM  « f NAI*H1HA 

')<»  M 

0 / :i9 

6 15 

0001  1 

OOOf.8 

1 4^71 

1 18  14? 

244  287 

2 0 

SAGO  SOI  VI  N I 

17  ; 

0 79 

6 85 

00009 

00059 

1 4404 

1 79  ?54 

355  490 

0 23 

VM  ^ r NAPHTHA  6fi 

li  6 ' 1 

0 7S47 

6 283 

0.00 1 1 

00069 

126  142 

260  288 

57 

MINERAL  SPIRITS  66 

'S2^ 

0.7724  ~ 

6.430 

0.0009 

.00055 

1.4277 

1 89-194 

31S-380 

Te 

fllAO  SOLVENT  66 

4H  H 

0 7H5 

6 541 

00009 

00055 

1 4.140 

191  203 

376  397 

0 5 

Evaporation 

Rate 

But.  Ace  = 1 

Kauri 

AnMIne 

Flash 

Explosive  Limits 

j ComposKlon  % fly  Vokime  | 

Ara 

maUc 

Solu- 

ALIPHATIC  PETROLEUM 
NAPHTHAS* 

Butanol 

Value 

Potnl 

®F 

Point 

T.^C.C 

% by  Vol.  In  Atr 

FIA 

CMe- 

Arameffct 

rw.‘ 

eiH.  Benz) 

bWty 

Param 

cc. 

Straigfil 

Lower 

Upper 

rates 

fins 

eter 

HEPTANE 

4 5 

10 

153 

70 

t 7 

6 7 

99  9 

0 

0 1 

0 

7 4 

HEXANE 

8 I 

10  5 

147 

0 

1 7 

7 5 

100 

0 

0 

0 

7 1 

KERflSENf 

14 

144 

• 48 

1 0 

A O 

80 

I 

0 

19 

/ 2 

lACOUFR  1)11  Ilf  NT 

.1  9 

4.1 

109 

70 

1 7 

(i  n 

85 

1 

15 

0 

• J 

#360  SOLVENT 

0.21 

33 

182 

105 

1.0 

6.0 

99.8  + 

<1 

0 

<1 

7.6 

MINFRAI  SFAl  Ott 

0 1 

77  4 

189 

?65  ’ • 

97 

0 

0 

3 

? 7 

MINERAL  SPIRITS 

n 1? 

17 

13? 

104 

0 7 

6 O 

91  1 

0 

0 

6 9 

7 5 

ODORLESS  MINERAL  SPIRITS 

o ? 

77 

185 

179 

t 0 

6 O 

98  ^ 

1 

0 

1 

7 1 

nUDBER  SOLVENl 

6 to 

14 

14? 

0 

1 .1 

7 4 

96 

0 

4 

n 

7 4 

STODDARD  SOLVENT 

^ 0.21 

33 

166 

108 

0.7 

6.0 

M.7 

' 1.® 

7 .'.Z 

7.6 

HEXSOlV 

8(1 

It 

146 

0 

1 7 

f.  7 

99  • 

~ 0 

...  ^ 

0 

^ 2 

VM  A P NAPHTHA 

O 45 

14 

140 

57 

I t 

5 0 

9tJ  5 

0 

1 B 

7 / 

7 H 

8460  SOLVENT 

0 Ot 

.12 

1 55 

140 

1 4 

6 8 

92 

1 

0 

8 

VM  A P NAPHTHA  66 

1 0 

15 

143 

40 

•)  9 

6 0 

99  * 

0 

1 

0 

7 6 

MINERAL  SPIRITS  66 

165  ~ 



~oT 

6^0 

99.8+" 

0 

”11  z 

7.6 

8140  SOLVENT  66 

0 08 

30 

162 

144 

1 0 

' 7 0 

99  7 

' 1 

0 

. 1 

7 6 

*Tho  Droperhes  listed  atiove  tof  nliphalic  petroleum  naphthas  and  aromatic  hydrocartion  solvents  are  typtcal  only.  Because  these  properties  may  vary  by 
geographic  aiea  it  may  be  necessary  to  contact  your  CHEMCENTBAL  representative  lor  exact  specifications  ot  the  specific  product  you  purchase 

-‘Open  Cup 


AROMATIC  HYDROCARBON 
SOLVENTS 

AP.I. 

Gravity 

60/60®F 

Specific 

Gravity 

60/60*F 

Pounds 
Per 
Gal. 
60®  F 

Coeff. 

of 

Eipan 
Per  ®C 

.5  Spec 
Gravity 
Per 
"C 

Refrac- 

tive 

index 

tti  20  “C 

Oistillation  Range 
® 760  mm  Hg 

Vapor 
Press 
(h  20®C 
mm  Hg 

Evaporation  Rate  | 

Mimites 

n-Butyi 
Ace.  = 1 

®C 

®F 

BFNZENL 

2B  5 

0 884 

7 3C 

0 f)(M2 

0009  i 

'■  5001 

80  80  6 

176  17/ 

75 

1 2 

4 H 

TOLUENF 

30  8 

007? 

7 26 

0 OU  t ’ 

O0t.>K0 

1 49  7;i 

110  1 1 1 

230  232 

18 

7 

1 5 

XYLENE 

31  0 

0 87  I 

7 75 

UUOH) 

000  71 

t 4970 

138  140 

281  284 

9 5 

:•)  1! 

0 75 

SC  8t 

38  1 

0 834 

6 947 

0 0009 

00059 

1 4670 

101  1 116 

214  240 

27  5 

10 

SC  #2 _ 

36.2 

0.8438 

7.026 

”orbb09 

.00059 

1.4768 

137.8-153 

280-308 

..5:2  ..J 

pA2  _ 

~SC'83~ 

33  0 

0860 

7 158 

0 0000 

00055 

1489  7 

180  199 

356  390 

20  i 

0 12 

SC  82B 

33  3 

0 859 

7 15 

0 0009 

0006 1 

1 4882 

162  201 

324  394 

SC  8100 

30  3 

0 875 

7 28 

■.)  0008 

: 10055 

1 4982 

157173 

311  344 

• 1 

21  0 

0 19 

SC  sTsb’ 

25  9 

0.899 

7 49 

0 OCHlH 

•X)059 

1 5020 

183 -2 10 

362  410 

1 

98  0 

0 04 

H.A.N.  SOLVENT 

26.9 

0.893 

■“7.44 

00008 

.00059 

160-293 

320-560 

~<T 

Kauri 

Aniline  Point 

Absolute 

Flash 

Explosive  Limits 

Composition  % By  Volume 

Solu- 

AROMATIC  HYDROCARBON 
SOLVENTS 

Butanol 

Value 

°F 

Viscosity 

cps 

«c  25®C 

Point 
Tag  C.C. 
®F 

% by  Vol.  in  Air 

FIA 

Ole 

Aromatics 

aoi- 

Eth.  Benz) 

Aro- 

matic 

bUHy 

Param- 

cc. 

Straight 

Mixed 

Lower 

upper 

rates 

fins 

eters 

Ml  N/I.NI 

107 

44 

57  0 

0 60 

10 

1 7 

7 1 

0 1 

n 

0 

0 

9 2 

Hit  Ul  Nl 

105 

48  i) 

0 567 

45 

12 

7 0 

0 0? 

0 

99  98 

0 

8 9 

X Yt  • Nl 

98 

510 

0 616 

80 

10 

7 0 

0 1 

0 

25  ; 

74  2 

8.9 

St  M ! 

86  4 

79.0 

20 

12 

7 0 

27  51 

0 

72  5 

0 

8 5 

SC  82 

80 

78.0 

81 

1.0 

7.0 

17.9 

0 

9-9_ 

78.9 

8.5 

SC 

72  7 

81  0 

142 

11 

7.0 

19  8 

t 7 

o' 

'77  5 

8 5 

sc:  «28 

’ 75' 

860 

119 

ib 

6 0 

’250 

09 

75 

8 5 

st:t.  i()o  ' 

92 

560 

0 779 

110 

10 

’ BS 

2 0 

0 

98 

8 8 

St  ! :.0 

-gy- 

597 

1 20 

150 

09  ” 

6.5 

2 0 

0 

0 1 

98 

“ 8 7 

H A N.  SOLVENT 

78 

82.4 

140  ' 

6.5 

19.0 

"‘i 

lloZZZ 

80 

8.7 
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Table  2.127:  Crowley  Solvents  (60) 

METHYL  NAPHTHALENE  NO.  5 


Snecif ications 

Tv 

oical 

Specific  Gravity  60V60“F 

0.975/1 

.010 

0 

.988 

Distillation  Range: 

”F 

”C 

-F 

”C 

IBP,  Min. 

400 

204 

440 

227 

FBP,  Max. 

600 

315 

550 

288 

Flash  Point,  PMCC,  Min. 

200 

93 

215 

102 

(Non-Combustible) 

Aromatic  Content,  Min. 

95% 

98% 

Mixed  Aniline  Point,  ASTM, 

Max.  61 

16.1 

00 

H 

H 

Color,  ASTM,  Max. 

-2 

1.0 

Color,  Visual 

Pale  Straw 

Pour  Point 

15 

-10 

AROMATIC  SOLVENT  58 


Specific  Gravity  0 60” F,  .9279/. 9465 

Distillation  Range  ”F. 


IBP 

375 

5% 

449 

10% 

465 

50% 

523 

70% 

564 

90% 

634 

95% 

666 

EP 

689 

Flash  Point  ”F. 

240 

\romatic  Content 

74% 

Color 

2.0 

SSU  Viscosity  0 100”F. 

46.3 

Pour  Point  ”F. 

-25 

SAF-T-SOL  200 


Specific  Gravity  § 60/60 ”F  0.987 

Distillation  Range  (ASTM  D-850) 

5%  430”F 

50%  555-F 

90%  590”F 

Aniline  Point,  Mixed  ASTM  15 ”C 

Color  Yellow 

SSU  Viscosity  § 100 ”F  40  secs 

Pour  Point  -60 ”F 

Flash  Point,  COC  250”F 

Aromatics  98% 
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Table  2.128:  Dynaloy  Solvents  (37) 


DESCRIPTiON 

Dynasolve  210  was  developed  to  fill  a widespread  need  for  a solvent  that  would  dissolve  RTV  silicones  and  silicone  conformal  coatings 
effectively  at  room  temperature.  Dynasolve  210  dissolves  silicones  quickly  and  effectively,  but  it  contains  methylene  chloride,  and  may 
attack  other  polymers  or  coatings,  such  as  epoxies  and  urethanes.  Dynasolve  220.  225,  and  230,  while  not  quite  as  fast  as  Dynasolve 
210,  contain  no  chlorinated  solvents  and  are  more  selective.  In  most  cases,  Dynasolve  230  is  fastest,  followed  by  Dynasolve  225,  and 
then  Dynasolve  220. 

Dyrutsolve  210,  220,  225  and  230,  when  not  contaminated  by  water,  will  not  attack  metal  or  metal  components,  with  the  exception  of 
aluminum.  However,  aluminum  may  be  etched  after  extended  immersion  in  these  Dynasdves.  Contamination  of  these  Dynasolves  with 
water  will  result  in  the  formation  of  acids  that  can  attack  most  metals  and  other  substrates.  Test  data  shows  that  mu*metal  was  untouched 
after  a 24  hour  immersion  in  Dynasolve  210.  Dynasolve  220,  225,  and  230  will  not  attack  acrylic  or  polycarbonate. 


TYPICAL  PROPERTIES 


Color 

Specific  Gravity 
Boiling  Point 
Flash  Point 
pH 


DYNASOLVE 
210 
Amber 
1.272 
104  F 
None 
2.14 


DYNASOLVE 
220 
Amber 
0.828 
311-348  F 
110  F 
1.70 


DYNASOLVE 
225 
Amber 
0.806 
235-290  F 
52^^F 
1.60 


DYNASOLVE 
230 
Amber 
0.707 
202-222  F 
16“F 
1.30 


DYNASOLVE  CU-5 

SAFETY  CLEANING  SOLVENT  FOR  URETHANES 


DESCRIPTION 

Dynasolve  CU-5  Is  a unique  solvent  that  was  developed  for  use  in 
cleaning  urethane  residues  and  crystallized  isocyanates  from  various 
types  of  polyurethane  processing  equipment. 


TYPICAL  PROPERTIES 


Color:  Clear 

Specific  Gravity:  1.060 

Boiling  Point:  202®C 

Flash  Point:  ISI^F  CC 

pH:  4-6 


DYNASOLVE  CU-6 

SAFETY  CLEANING  SOLVENT  FOR  URETHANES 


DESCRIPTION 

Dynasolve  CU-6  is  a unique  solvent  that  was  developed  as  a 
non-gelling,  higher  flash  point  version  of  Dynasolve  CU-5. 

TYPICAL  PROPERTIES 


Color:  Clear 

Specific  Gravity:  1.055 

Boiling  Point:  202® C 

Flash  Point:  210®F  CC 

pH:  4-6 


(continued) 
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Table  2.128:  (continued) 

DYNASOLVE  XD  16-4 

SAFETY  SOLVENT  FOR  REMOVAL  OF  SILICONE  OILS 
AND  UNCURED  SILICONE  POLYMERS 

DESCRIPTION 

Dynasolve  XD  16-4  is  an  experioiental  solvent  that  was  developed  for 
removal  of  silicone  oils  and  uncured  silicone  polymers  from  molds, 
molded  parts,  and  processing  equipment. 

TYPICAL  PROPERTIES 
Color: 

Specific  Gravity: 

Boiling  Point: 

Flash  Point: 
pH: 


DYNASOLVE  XD  22-1 

SAFETY  SOLVENT  FOR  CLEANING  AND  DEGREASING 

DESCRIPTION 

Dynasolve  XD  22-1  is  an  experimental  solvent  that  was  developed  for 
use  in  cleaning  and  degreasing  applications.  Dynasolve  XD  22-1  is  a 
non-chlorinated,  non-flammable*,  non-carcinogenic,  non-ozone  depleting 
solvent 

TYPICAL  PROPERTIES 


Color:  Clear 

Specific  Gravity:  0.780 

Boiling  Point:  360® F 

Flash  Point:  143®F  CC 

pH:  N/A 


Light  Amber 
1 .032 
>300® F 
262®  F 
N/A 


DYNASOLVE  XD  27-2 

SAFETY  SOLVENT  FOR  CIRCUIT  BOARD  CLEANING  AND  DEFLUXING 
DESCRIPTION 

Dynasolve  XD  27-2  is  an  experimental  solvent  that  was  developed  for 
cleaning  and  defluxing  of  printed  circuit  boards.  Dynasolve  XD  27-2  is 
a non-chlorinated,  non-flammable*,  non-carcinogenic,  non-ozone 
depleting  solvent  designed  as  a replacement  for  CFCs. 

TYPICAL  PROPERTIES 

Color:  Transparent  Yellow 

Specific  Gravity:  1.000 

Boiling  Point:  363® F 

Flash  Point:  191®F  CC 

pH:  8-9 


Table  2.128:  (continued) 


SOLVENT  GUIDE  UPDATE 


DYNASOLVE  DF-1  A replenisher  concentrate  for  Dynaflush.  When  added  to 

vacuum  distilled  or  spent  Dynaflush,  will  restore  its 
efficiency  and  loading  capacity  to  original  levels. 

DYNASOLVE  M-35  A low-toxicity , low  volatility  solvent  for  general 

cleaning  applications.  Especially  suited  for  use  in 
cleaning  of  uncured  polymers,  such  as  epoxies, 
urethanes,  and  silicones.  Also  very  effective  for 
dissolving  cured  cyanoacrylate  instant  glues. 

DYNASOLVE  XD  16-3  An  experimental  aqueous  solution  for  use  in  the  removal 

of  silicone  oils  and  uncured  silicone  polymers  from 
molds,  molded  parts,  and  processing  equipment. 
Especially  effective  for  cleaning  mold  release  residue 
from  plastic  molded  parts,  as  it  will  not  harm  the 
surface  of  the  parts. 


Ov 
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Table  2.129:  Eastman  Solvents  and  Diluents  (41) 


ACTIVE  SOLVENTS 

Evspofstlon  Rale 
nBuOAc  £ 1 1 Ether  = 1 

Formula 

Viscosity,  cP 
0%  RS  ‘A-s  NC 
@25T 

Viscosity,  cP 
8%  CAB-381 -05 
@25*C 

DHutio 

Toluene 

n Ratio 
VMAP 
Naphtha 

Blush 
flaslstsnce 
% RH  @ eoT 

SpMific 
Gravity  @ 

2o*/ao*c 

fSM 

Flash 
Point 
TCC,  ‘F 

Fiosilng 
Point,  *F 

fsItlHYLl'NF  CHLOHIDF 

1-1  *< 

Ofi 

CH;.C|.. 

in,Y 

22 

0.33 

25 

1.320^ 

1098' 

1 3P 

None 

14? 

IFTRAHVDPOI  UHAN 

1 9 

• 0CH^CH2CH;.CH-‘ 

IE 

13 

0.48 

2C 

2.8 

I.C 

50 

0.889 

7,41 

0.89 

6 

163 

M.\ 

I.M,1  OCM  . 

» 

1)  ,l.i 

2f; 

.1. 

:) 

2t> 

0./92 

6 60 

0 7‘) 

4 

Utt 

Mi  iHVi  Ai  ; UK 

i T 

.'  .1 

l.tliLXjfJCti. 

u 

0 41 

20 

2 9 

!.! 

20 

0 940 

7 70 

0 94 

.( 

144 

ETHVL  ACETATE.  85%-e8S^, 

4.2 

2.9 

CH3COOC2H5 

17 

15 

0.49 

25 

3.3 

1.2 

38 

0.884 

7.36 

0.86 

27 

-118 

ETHYL  ACETATE, 99% 

4 1 

3.0 

CHaCOOCzHs 

2T 

15 

0.45 

25 

3.1 

39 

0.901 

7.51 

0.90 

24 

-118 

AU  lAit 

:i  {; 

4 i) 

i.H  iLOOCMlL'Hi; 

17 

0 60 

.3' 

-i.O 

62 

0.873 

7.26 

OH. 

.}'} 

99 

METHYL  n-PROPYL  KETONE 

2,3 

5,3 

CH3COC3H7 

14 

13 

0.68 

25 

3.9 

1.0 

70 

0.807 

6.74 

0.81 

46 

-123 

n-PROPYL  ACETATE 

2.3 

5.3 

CHaCOOCaH? 

2? 

18 

0.58 

20 

3.2 

1.5 

65 

0.889 

7.39 

0.89 

55 

-134 

METHYt.  iSOOUl  ii  K!  lUNI 

l(- 

7i. 

CMiCOCH.iMiCtt,; 

15 

0 60 

20 

1 • 

’ 9 

78 

Q.802 

6 67 

08T^ 

t* 

119 

(SOOUTVl  ACifAli 

1.-1 

b.C 

CHtCOOCH.CHiCH. 

.i. 

28 

0 70 

.>() 

80 

0.B7O 

7.25 

0 07 

69 

146 

2-NITROPnOPANE 

1.1 

11.0 

CHaCHNO^CH:, 

6i 

27 

0,77 

20 

1.2 

0.4 

82 

0.968 

8.23 

0.99 

82 

-132 

n-BUTYL  ACETATE 

1.0 

12.1 

CH3COOC4H9  I 

30 

28 

0.73 

20 

2.7 

! 1.2 

83 

0.883 

7.35 

0.68 

81 

-101 

LASTMANm 

0 7 

17  3 

GHjOCH.-CHiChijOh  ; 

»}C 

49 

1.90 

20 

5. 

fj6 

0.923 

7.69 

0.9; 

91 

139 

METHYL  ISOAMYL  KEfONt 

0 e> 

24  2 

CHaCOC:H}CHiCH,t. 

20 

0 73 

25 

J 1 

1 2 i 

89 

0.813 

6.76 

^ fl.8i 

96  1 

-101 

METHYL  AMYL  ACETATE 

0.5 

24,2 

CHaCOOCHICHalC^Hg 

54 

0 

098 

25 

1,0 

92 

0.850 

7.14  i 

0.86 

96 

EASTMAN  PM  ACETATE 

AMv;  A • ; 

0.4 

30.2 

CHaC00CH(CH3)CH20CH3 

65 

43 

1.07 

25 

2.6  ! 

0.8 

92 

0.970 

8.06 

0.97 

114*' 

<-89 

METHYL  n AMYL  KETONt 

0.4 

30  2 

CH-.COCsH. 

20 

0.77 

25 

' .3.9 

93 

0 876 

0.818 

' 39 

6.80 

■ 0.8i 

i02 

■ 27 

ISOBUTYL  tSOBUTYRATE 

0.4 

30.2 

(CH3)2CHCOOCH2CH(CHaj;^ 

100 

Insfl 

0.85 

1 25 

1.5 

0.8 

92 

0.855 

7.13 

0.66 

104 

-112 

ETHYLENE  3LYCOU  ETHYL  ETHER 

0 3 

40.3 

C2H5OC2H4OH 

?:-■ 

53 

2,10 

! 20 

5.0 

1 1 

59 

0,931 

7.75 

093 

110 

-137 

-.N- 

.;  :■  a 

■LH.-rH 

.5 

0948 

8V< 

^ . > 

0.8  72'' 

•.;>=•- 

PROPYLENE  GLYGOi  PROPYL  ETHER 

0.2  j 

60.5 

C3H.-0CH',CH!CH;4>- 

95 

Ins 

2.80 

20 

0,886 

7.38 

0.68 

11s 

•112 

ETHYLENE  GLYCOL  ETHYL  ETHER  ACETATE 

0,2  1 

60.5 

CHaCOOCHjOCyH. 

66 

45 

1.30  1 

i 20 

^.5  ! 

' 09 

94 

0.973 

8.11 

0,98 

130 

- 78 

MlXL[>Hf-  ■ . 

: MV: 

46 

■ u- 

0874 

■ 30 

'• 

DIISOBUTVl.  KETONt 

1 0.2 

i 

60.5 

|CHj>:CHC  H7COCH  ■.  M OH... 

46 

Ins 

: 095 

20 

i ' . 

Ob 

95 

0.811 

6.76 

■ 0 8-1 

'3G 

(continued) 
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Table  2.129:  (continued) 


I 

ACTIVE  SOLVENTS 

Y{ 

Ton 

pof  Pressure 

C jKPat  :>5  C" 

Surlsce  Ten 
Oyne/Cm 

gion 

X 

Boiling  Rtnge 
@ 760  Ttrfr, 
*C 

SolubHIly  @ 20°C 
Wt% 

In  Water  | Water  In 

Azeotrope 
1 Wt% 
BP,  C j Water" 

Auloignitlon 

Temperature, 

X 

Refract 

Inde 

Value 

ive 

X 

Electrical 

Resistance,* 

Megohms 

Ka 

Total 

isen  SotublHIy  Paramr 
1 

Nonpolar  i Polar 

rtcrs' 

Hydrogen 

Bonding 

Grwn 

Molecular 

Weight 

TLV 

PPM 

1B92 

METHYLENE  CHLORIDE 

T40E 

265 

20 

39-41 

1 4 

O' 

36  '1 

— 

662 

' 4242 

20 

15 

c. 

0 ' 

3,0 

84  90 

50 

TETRAHYDROFUHAN 

143.0 

26.4 

25 

65-67 

Coni|4«-;, 

\i  r 

4 6 

321 

= 4073 

20 

2.0 

9.5 

6.2 

^ t 

3.9 

72.11 

200 

ACL  1 ONE 

in;-,. 

Hi 

,L  , 

22  ;j 

^0 

55  5 5/  ’ 

> ...mr.H'i*' 

U.r:. 

558 

1 

JO 

. 0 01 

3 4 

58  DC 

750 

MFIHYl  ACHATf 

1,1  . 

..r 

-i4  1 

25  8 

JO 

55  b Ob  J 

,'J  .■ 

5.  ; 

111! 

' lt>00 

JO 

0 T 

3 V 

74  09 

JOO 

ETHYL  ACETATE,  85%^% 

75.0 

20 

... 

24.2 

20 

71-79 

7.4 

3.1 

70,4 

8,5 

466 

1.3693 

20 

0.3 

_ 

_ 

- 

_ 

88.11 

ETHYL  ACETATE.  99% 

75.0 

20 

45,9 

23.9 

20 

75.5-78 

7,4 

3.3 

70,4 

8.5 

485 

1.3718 

20 

20.0 

8.8 

77 

2.6 

3.5 

88.11 

400 

Mt  i I n.-, , ^ .fvi 

p. 

ISOPROPYL  ACE r Alt 

1 

K. 

22  1 

20 

ri5  80 

.8 

. > 

• U 6 

479 

! 3772 

JO 

/.’(> 

Sf 

4.0 

102  13 

250 

METHYL  n-PROPYL  KETONE 

27.8 

20 

19,2 

26.6 

20 

101-105 

3,1 

4.2 

83.3 

19.5 

449 

1.3902 

20 

0.3 

8.9 

7,8 

3,7 

2.3 

86.13 

200 

n-PROPYL  ACETATE 

23.0 

20 

18.9 

24.3 

20 

99-1 OL 

2,3 

2,6 

82.4 

14.0 

457 

1.3847 

20 

>20 

8.6 

7.5 

2.1 

3.7 

102.14 

200 

METHYL  ISOBUT VI  KElONf 

.'i‘ 

23  6 

20 

11411' 

24  J 

440 

1 3958 

JO 

i)  1 

.-i  i 

3 L 

2.0 

100.16 

50 

ISOBUTYL  ACETATE 

IJ- 

.'0 

U).7 

23.7 

20 

112-1 1-3 

n ■ 

;•  ' .1 

i6  5 

427 

1 3895 

20 

>J(' 

••I  .■ 

' 1 

l.b 

3.1 

116.20 

150 

2-NITROPROPANE 

Ife.O 

20 

29.9 

20 

119-122 

TV 

0.6 

8S6 

29.4 

428 

1.3944 

20 

<0  1 

10  1 

5.6 

1 2.0 

89.09 

10 

n-BUTYL  ACETATE 

10.0  ^ 

20 

7.4 

25.1 

20 

122-129 

0.7 

16 

90.2 

28.7 

407 

1.3941 

20 

>20 

8.5 

7.7 

1.8 

1 

1 3-1 

116.16 

ISO 

EASTMAN  PM  1 

! 

a 

>0 

8 ! 

28.3 

25 

121  i ; 

: 4036 

.’0 

0.4 

,j  ; 

5.7 

9012 

100 

METHYL  ISOAMYl  KE  IONt  j 

i 

,'0 

i 7 

258 

20 

141-143 

.14 

44  0 

424 

! 4078 

20 

0 6 

ti  3 

7 6 

2.6 

2.0 

114.19 

50 

METHYL  AMYL  ACETATE 

3.6  : 

1 20 

22  6 

20 

146-153 

- 

. 0.6 

94.8 

1 36  7 

1.400S 

1 20 

>20 

144.21 

EASTMAN  PU  ACETATE 

3.7  ^ 

20 

3.0 

26.4 

20 

140-153 

20.0 

5.9 

- 

- 

354 

1.3995 

20 

5.0 

9.4 

i 7.6  1 

2.7 

4.8 

132.20 

_ 

AM^'l  ACETA"^  • 

:.’6  5 

.'i. 

4.. 

130.11; 

METHYL  tvAMVL  KETONt 

L 14 

,?fi 

2 b 

26.1 

20 

147-153 

1 T 

9.5.1' 

480 

393 

1 4080 

26 

H.t- 

9 

28 

2.0 

114.19 

50 

ISOaUTYL  ISOBUTYRATE 

3.2  : 

2D  1 

3.3 

23.2 

20 

144-151 

<0.1 

<0,2 

95.5 

39.4 

432 

1.3987 

20 

>20 

8.1 

7.4 

1.4 

2.9 

144.22 

ETHYLENE  GLYCOL  ETHYL  fcTH(-R 

?.t  '■ 

yO 

29  3 

20 

134-136 

• J.-ifrlt; 

9S.2 

87,0 

238 

1.4076 

,.ii  ■■ 

-1  6 

o 

4 5 

70 

9012 

cvclohex/‘N:;:;^ 

27  7 i 

*<  :> 

PROPYL EC;  .V.  '-  . ■■  ■ 

,rM  :■> 

1 .i?  2L 

PROPYLENE  G!  YCOL  PROPYL  ETHER 

2L  ! 

- 

27.0 

25 

14S8 

Con;;/o>- 

■ r.v-pu-.. 

i - 

._. 

1 4121 

20 

.-O  1 

9.5 

7.7  i 

3.4 

4.5 

11818 

ETHYLENE  GLYCOL  ETHYL  ETHER  ACETATE 

- 1 

28.2 

20 

150-160 

; : p 

57.: 

^ 450 

382 

1 4030 

20 

4 0 

6.7 

76  j 

2.3 

52 

132  16 

5 

MIXED  HEX-.  - ■ ■ ■ • 

?b  0 : 

! j 5 

'4-'  ‘1 

DilSOBUTYL  KETONE 

- 

20 

1 4 

24.6 

20 

163-17,'  I 

OOf 

1 v'O 

51.9 

396 

1.4150 

20 

0.4 

3 0 

.7.6 

1.8 

2.0 

142.23 

25 

'O 


Hydrocarbon  Solvents 


Table  2.129:  (continued) 


ACTIVE  SOLVENTS 

Evipwi 
nBuOAc  r 1 

itlon  Rati 
Elhcf  = 1 

Formula 

ViacoaHy.cP 

e%ffSiA-sNC 

@2S°C 

Viscosity,  cP 
CAB-381-0  5 
e25*C 

] 

Heat  Viscosity 
cP  1 *C 

Dliiitlon  Rallo“ 
j YIMP 
Tohiena  Naphtha 

filuah 

Raalstance 

%RH@80°F 

Spaclllc 

Gravitv^ 

W/20-C 

Weight 

Lb/Gal 

— 

Volume 

!0*C 

KgA. 

Flash 

Point 

TCC,*F 

Fraazlng 
Point, 'F 

OtMCTHVl.  rORMAMIDt 

02 

60.5 

CHC0N(CH3)2 

17 

33 

G80  1 

25 

- 

0.951 

7.92 

0 95 

136 

--  78 

EASTMAN  EP 

0^ 

60.5 

C3H70C2H40H 

86 

ins 

2.42  i 

25 

4.0 

2.0 

90 

0.913 

7.59 

0.91 

120 

<-130 

DiACf 

0 12 

100  8 

, C H;i  bC(  OH  iCH.L 

..'H 

■c: 

’5 

0 940 

‘.aL 

EEP  (ETHYt.  J-ETHOXVPROPlONATE 

0.12 

100.6 

CjHsOCsHjOjCrH?, 

62 

54 

' 20 

25 

; b 

06 

94 

0.950 

7.91 

0.95 

136*' 

<58 

PROPYLENE  GLYCOL  BUTYl.  ETHER 

0,08 

151.3 

C4H90CH2CH(CH3)0H 

124 

Ins 

340 

20 

19 

0,9 

96 

0.884 

7.37 

0.88 

138 

-148 

EASTMAN  EB 

0.09 

136.0 

C4H90C2H40H 

101 

Ins 

6.40  1 

20 

3.4 

2.1 

96 

0.902 

7.51 

0.90 

143 

-103 

NME'r'V, 

0 04 

302.5 

C5H9NO 

48 

1 027” 

8 

:.i 

MIXED - L • , . - 

Q.03 

4034 

Mixiurt? 

0.875 

oa 

EASTMAN  EB  ACETATE 

0.03 

403.4 

CH3C00C2H40C4H9 

88 

65 

1.80 

20 

1.8 

1.2 

95 

0.941 

7.84 

0.94 

160 

- 83 

2-ETHYLHEXYL  ACETATE 

0.04 

403.4 

CH3COOCH2CH(C2H5)C4H9 

90 

Ins 

1.50 

20 

1.4 

0.9 

94 

0.873 

7J27 

0.87 

160 

-135 

OIPROEVLFNE  m;  ' ■ : --f  r. 

002 

605.1 

CH30(CH.^CH(CH  iO,  •• 

.'^25 

3C 

90 

0951 

' :.ir 

0 'V- 

n,:r 

EASTMAN  C ] \ KETONE 

0.02 

605.1 

Mixture 

65 

Ins 

2.12 

25 

2 •> 

1 0 

96 

0.840 

7.02 

0.84 

184^ 

n 

ISOPHORONE 

0,02 

605.1 

0(5HC!C(CH3)CH2C(CH3b^^H? 

110 

110 

2 60 

20 

6.2 

1.2 

97 

0.922 

7.67 

I 0.92 

179 

17 

ETHYLENE  GLYCOL  DIACETATE 

0.02 

605.1 

(CH3C00CH2)2 

220 

160 

2.90 

20 

1,4 

“ 

96 

1.107 

9.22 

1 1.11 

191 

- 43 

EASTMAN  DM 

0.02 

605.1 

1 

CH3(0C2H4)20H 

174 

160 

3,90 

20 

2.3 

imm'^ 

76 

1.023 

8.51 

1 02 

191 

121 

EASTMAN  OE 

0.02 

605.1 

C2Hs(0C2H4)20H 

180 

140 

4,50 

20 

1 9 

Imm'" 

76 

0.990 

8.25 

0.99  j 

195 

-130 

EASTMAN  DP 

0.01 

1,210.2 

C3Ht<0C2H4)20H 

190 

Ins 

4.12 

25 

4,6 

1.6 

— 

0.963 

8.04 

0.96 

200 

<-90 

ETHYLENE  GLYCOL  HEXYl  F 

0.01 

1.210.2 

C6H13OC2H40H 

120 

ins 

5.20  1 

20 

2 4 ■ 

1.5 

96 

0.889 

7.40 

1 0.89 

179 

- 58 

EASTMAN  OE  ACETATE 

0.008 

1,512.7 

CH3C00(C2H40)2C2H!i 

162 

110 

2. BO 

20 

! 

06 

92 

1.012 

8.42 

1 01 

225' 

13 

DiBAS  r •-  -■■h 

0.007 

1,728.9 

CH.-iCOOiCH.  , CTK.>C" 

200 

■47. 

1 092 

? VE 

. ^ 1 

EASTMAN  DB 

0.004 

4,034.0 

C4H9<0C2H4)20H 

205 

Ins 

4.74  1 

25 

3.9 

1.9 

85 

0.955 

7.94 

1 0.96 

232^ 

-105 

EASTMAN  EEH 

0.003 

4,034.0 

C4H9CH(C2H5)CH20C2H40H 

Ins 

Ins 

7.01  I 

25 

0.892 

7.42 

0.89 

208*^ 

<-50 

EASTMAN  DB  ACE:  AT  ( 

0.002 

6.051.0 

CH3C00{C2H40\>C4H<i 

186 

14D 

.:.20 

t B 

09 

96 

0.980 

8 16 

0.96 

:>40' 

26 

PROPV!  t C-  , 

0 002 

G.051  0 

C-HT.OC  HAjf 

I 

T063' 

...... 

TEXANOL  ESTER- ALCOHOL 

0.002 

6,051.0 

(CH3)2CrtCOOCH2C(CH3)2CHOHCH(CH3)2 

1,115 

Ins 

18.30  1 

20 

_ 

_ 

0.950 

7.90 

j 0.95 

248" 

- 50 

MIXED  TRIDECY,  ACEIATE  ESTERS 

0.001 

12,100.0 

Mixture 

.... 

4.63  1 

25 

_J 

j 

1 

- 

0.680 

7.3C 

1 0.88 

1. 

261 

<-60 

(continued) 
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Table  2.129:  (continued) 


ACTIVE  SOLVENTS 


DIMETHYL  FORMAMIDE 

3 . 

2C 

35.2 

25 

153' 

Complete 

Complete 

EA571IAMEP 

1.3 

20 

2.2 

27.9 

25 

149.5-153.5 

Complete 

Complete 

::  isLCOt^O:. 

EEP  (ETHYL  3-ETHOXYPROPIONATEj 

i.S 

21' 

1./ 

■?7(; 

23 

165-172 

29 

2.2 

PROPYLENE  GLYCOL  BUTYL  ETHER 

0.6 

20 

■■ 

27.4 

25 

170.21 

0.4 

15.5 

EASTMAN  EB 

0.6 

20 

0.97 

26.6 

20 

169-172:5 

Complete 

Complete 

■■  MF'"'-'.  : I=  .=P0L:C  JNF 

•5 

EASTMAN  EB  ACETATE 

0.29 

20 

0.77 

30.3 

20 

186-194 

1.1 

1.6 

2-ETMYLHEXYL  ACETATE 

0.40 

20 

0.36 

25.8 

20 

199-205 

0.03 

0.6 

. 6 

25 

■‘IF  V 

■'r'lipiete 

EASTMAN  C■^^  ketone 

0 1? 

275 

24 

200  24C 

0.2 

0.9 

iSOPHORONE 

0.16 

20 

... 

32.3 

20 

210 -2U 

1,2 

4.3 

ETHYLENE  GLYCOL  DIACETATE 

0.2 

20 

1 0.18 

33.7  I 

20 

187-193 

16.4 

7.6 

EASTMAN  DM 

0.2 

20 

1 4 

; 34  8 

25 

19M98 

Complete 

Complete 

EASTMAN  DE 

0,12 

20 

0.49 

322 

20 

198-204 

Complete 

Complete 

EASTMAN  DP 

0.05  ■ 

20  ' 

0.11 

32.3  1 

i 

202-216 

Complete 

Complete 

ETHYLENE  GLYCOL  HEXYL  ETHER 

<1  0 1 

20 

_ 

- 

206. 1-- 

1.0 

16.8 

EASTMAN  DE  ACETATE 

■0.05 

20 

O.lt- 

]1.7 

25 

214-22 

Complete 

Complete 

Dibasic  fsters 

->,■  :2- 

EASTMAN  QB 

0.02 

20  1 

0.04 

30.0 

20 

230-23ii 

Complete 

Complete 

EASTMAN  EEH 

0.08 

1 1 

0.06 

27.6  I 

' 20 

224-276 

0.2 

6.2 

EASTMAN  DB  ACETATE 

0.04 

2C 

0.02 

JO.O 

20 

, 235-25(' 

5,5 

3C 

=henyl  sthe? 

.^42, 7 

TEXANOL  ESTER-ALCOHOL 

0.01 

20  ^ 

0.02 

28.9  1 

1 20 

255-260  5 

lns« 

0.9 

MIXED  TRIDECYL  ACETATE  ESTEi’tL 

0.03 

20  ; 

i 

28.0 

20 

240-285 

0.0 

0? 

8.9  1 

7.5  j 

2.2 

8.2  1 

7.7 

1 1-4 

ti.: 

7.9 

1,0 

Q : I 

• 8.1 

j 4.0 

y.f  j 

7.9 

j 2.3 

'0.' 

7.9 

3,8 

7.9 

3,8 

lo.i  ! 

j 

7.8 

3.5 

4 4 

7,9 

2.5 

10.0  1 

7.8 

3,4 

8.4  i 

7.8 

2.0 

i.r 

■B 

2,0 

9.3  1 

7.4  1 

3.0 

8C  1 

7,7  i 

■ 1,2 

Table  2.129:  (continued) 


LATENT  SOLVENTS 

Evopon 
nBuOAc:  1 

IkmfWt 

Ettwrcl 

Fonnula 

— 

VlKOiHy,  cP 
8%flSiA-8NC 
@25*C 

Viscosity,  cP 
8%  CAB-381 -OS 
@25*C 

OlkJtIo 

Toluene 

nHatlo^ 

VIMP 

Naptithe 

Blush 

Reeletinoe 

%RH@B0‘F 

Specific 

Grsvtty® 

VftWC 

Weight/ 

93 

Lb/Gei 

Voluine 

<rc 

KgA 

Flesh 
Point 
TCC,  *F 

Freezing 
Point,  *F 

METHYL  ALCOHa 

3.5 

3.5 

'cHaOH 

20 

El 

2.2 

0-5 

0.792 

‘ 6.60 

0.79 

50 

m 

TECSOt  INDUS.  AND  PROPRIETAflY  SOLVENTS 

1.7-1 .9 

- 

C2H5OH 

1. 2-1.5 

20 

0.789-0.820 

6.57-6.83 

0.79-0.82 

50 

ISOPROPYL  ALCOHOL,  99% 

1.7 

7.1 

(CHaljCHOH 

2.40 

20 

0.786 

6.54 

0.78 

55 

WSm 

n-PHOPYL  ALCOHOL 

1.0 

12.1 

CaH/OM 

25 

0.804 

6.71 

0.80 

74 

■9 

SECONDARY  BUTYL  ALCOHOt 

0.9 

13.4 

CHgCH^CHOHCHa 

2.90 

25 

0,810 

6.73 

0.81 

72 

_ 

ISOBUTYL  ALCOHOL 

0.6 

20.2 

CH3CH<CH3)CH20H 

4.00 

20 

0.803 

6.68 

0.80 

85 

-162 

n-BUTYL  ALCOHOL 

0.5 

24.2 

C4H90M 

3.00 

20 

0.811 

6.75 

1 0.81 

97 

-129 

METHYL  ISOBUTYL  CARBINOL 

03 

403 

CH-CHOHCHCHlCHil^ 

38C 

25 

0805- 

f>  65 

1 

l;  80 

!03 

-t30 

AMYL  ALCOHOL  (MIXED  PRIMARY  ISOMERS) 

0.3  ; 

40.3 

4.30 

20 

0.8t4*‘ 

6.77* 

0.81* 



-130 

CYCLOHEXANa 

0.05 

242,0 

CH2(CH2)4CH0H 

; 52.70 

25 

0.947*> 

7.87* 

0.94* 

- 

_ 

2-ETHYLHEXANOL 

0.01 

1.210.2 

C4M9CH(C2H5)CH20H 

1 7.70 

25 

0.833 

6.94 

0.83 

164 

- 94 

LATENT  SOLVENTS 

V 

Torr 

ipor  Pre 

•c 

ssure 

KPa@S5  C‘^ 

Surlace  Ten 
Dyne'Qn 

Sion 

•c 

BoiUng  Rsnge 
@760  Torr, 
*C 

Solubility  @20*C 
Wl% 

In  Witer  j Water  In 

Azeo 

BP,  *C 

trope 

Wt% 

Water** 

AutoigitHlon 

Temperature, 

*C 

Refract 

Inde 

Value 

hre 

•c 

Electrical 

Hasislence,* 

Megohms 

He 

Total 

risen  SoltAH 
Nonpolar 

«y  Paranv 
Polar 

Bters* 

Hydrogen 

Bonding 

Gram 

Molecular 

Weight 

TLV 

PPM 

1962 

METHYL  ALCOHOL 

100.0 

21.2 

69.0 

22.6 

20 

64-65 

* Complete 

Complete 

None 

- 

463 

1 .3286 

20 

<0,1 

14.5 

“ 7,4 

6.0 

10.9 

32.04 

200 

l^CSOL  INDUS.  AND  PROPRIETARY  SOLVENTS® 

- 

- 

37.6F 

22.4 

20 

74-« 

Complete*’ 

Complete** 

78.1 

4.0 

419 

1.3614 

20 

<0.1 

13.0 

7.7 

4.3 

9.5 

46.07 

ISOPHOPVL  alcohol,  99% 

32  8 

20 

30.8 

21,3 

80  8-83.3 

Comp!et*> 

Complete 

80.3 

12.6 

360 

1 3776 

20 

<0,2 

11.5 

7.7 

3.0 

8.0 

60.10 

400 

n PHOPYl  ALCOHOL 

14  5 

20 

15.7 

23.8 

96-98 

Complete 

Complete 

87.0 

28.3 

413 

1 3856 

20 

<02 

12.0 

7,8 

3.3 

8.5 

60.10 

200 

SECONDARY  BUTYL  ALCOHOL 

12,0 

20 

- 

24.0 

96-101 

206 

30,7 

87.0 

26.8 

406 

1 ,3972 

20 

<0.2 

10.6 

7.7 

2.8 

7.1 

74.12 

100 

ISOBUTYL  ALCOHOL 

9.0 

» 

9.5 

21B 

I06-10T 

9.5 

14.3 

89.8 

33.0 

416 

1.3955 

20 

<0.2 

11.1 

7.4 

2A 

7.8 

74.12 

50 

11  BUTYL  ALCOHOL 

5.5 

! 

20 

6.1 

24.6 

20 

116-U! 

7 9 

20,8 

92.7 

42,5 

355 

1,3993 

20 

<0,2 

11.3 

7.8 

2.8 

7.7 

74.12 

so 

MHHYI  (SOauiYl,  CARBINOL 

22.8 

20 

nn  ‘ 

‘1-;  1 

43  3 

' .r  :c 

:’i! 

02 

9 7 

75 

1 6 

60 

102  IL 

AMYL  ALCOHOL  (MIXED  PRIMARY  ISOMERS) 

2.9 

20 

- 

23.8 

20 

127-1 3r 

1,7 

9.2 

95.8 

54.4 

1.4014 

20 

0.2 

_ 



- 

88.15 

CYCLOHEXANa 

0,9 

20 

- 

35.1 

20 

160-16^ 

0.1 

11,8 

97.8 

80.0 

300 

1 4656 

20 

0.4 

11.0 

8.5 

2.0 

66 

100.16 

50 

2-ETHYLHEXANOL 

0.05  < 

20 

0.26 

28.7 

20 

1S2-16C 

0 t 

2.6 

99,1 

BO.O 

288 

1.4316 

20 

>20 

9.9  ; 

7.8 

1.6 

5.8 

1M.20 
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Table  2.130:  Exxon  Hydrocarbon  Solvents  (8) 


Product  9 

Bource 

tHsttUation 

Range, 

•C  *F 

Flash  Point, 
TCC- 

’C  *F 

&HCtftC 

GrovHy, 

@ 15Art5.rC 

Density 

@«TF 

»i/gai 

^niKne  Pt.. 
ASTMD511 
•C  *F 

KB 

Value 

Tvapordlion 

Rate. 

ti'fiuAC^lOO 

Surface 

Tension, 

Dynes/cm 

Hildehrand 

Solu^ltty 

Parameter 

Ctmipostitm.  WO  ' 

Cj^clo- 

paratlin  Parattm  iunmatuis 

titc. 

ppm 

CAS 

Registry 

Numdef 

WJPHAmS 

1 

SA 

64-9^ 

147-201 

<■18 

<0 

0.67 

5.61 

■•<3 

155 

28 

560 

WP 

7 .-y 

98 

<05 

mmmz* 

SA 

151-216 

<-18 

<0 

0.69 

575 

8 

137 

34 

460 

19  1 

89 

9 

IDO*- 

ij-6'4.'  ’ll*  <•’ 

2024IMdha* 

SA 

97't17 

207-243 

3 

26 

0,74 

a 15 

■) 

127 

39 

260 

213 

■'  I 

4? 

52 

6 

400  • 

h4..'i.;  56  • 

a^NwIiiHa* 

SA 

115-143 

239-289 

10 

51 

076 

6.29 

1 

125 

39 

120 

222 

t 8 

30 

58 

12 

400=' 

fi-9  ■ 

313SIMtfui* 

SA 

159-176 

318-349 

42 

108 

0.79 

656 

126 

39 

22 

23.7 

79 

35 

45 

20 

200==- 

305:  • 1? 

Soiytnt 

RT/SA 

160-205 

3^401 

44 

111 

0.80 

66? 

55 

131 

39 

10 

26.6 

7.9 

46 

37 

17 

100-= 

11 

VSfS8l*f0S^{!{ 

BT/SA 

m205 

320-401 

43 

no 

0.79 

6,62 

62 

144 

36 

10 

263 

7.6 

53 

40 

7 

100- 

45  ^ 

140  Naphtha'^ 

SA 

187-209 

369-408 

65 

149 

0.80 

6.67 

58 

137 

36 

6 

250 

7 6 

34 

46 

20 

200' 

•'■4/4.  4 - 

0X^tN{^iyia* 

SA 

187-210 

369-410 

64 

147 

0.79 

6,'60 

a 

152 

33 

6 

251 

7.5 

45 

49 

6 

200'= 

''vi/'i'  r ■■ 

AMMAnCS 

RT/SA 

110-111 

(RMS 

7 

"45 

Q.ffi 

7.27 

i ’) 

48 

105 

240 

29.5 

8.9 

<0.1 

99.9 

50 

■'uHiill'-  - 

BT/SA 

lS-i41 

282-286 

79 

0.87 

7,26 

50 

98 

80 

30.0 

8H 

<0.1 

99.9 

100 

K130.U 
&;0b15  1 . 

'1^171 

"W340“" 

ITT 

SKXiislii 

“"HW 

i:f. 

55 

94 

30 

W" 

<0.2 

99.8 

50“=^ 

64/42-5!-  M .. 

Amnatic  150  So^wllt 

8T 

184-2m 

363-399 

■r?3H 

im 

ebbh 

EEd 

59 

97 

6 

314 

<0.2 

99.8 

10O*'* 

*v1i'42  - n :■.  . 

AromticZOOSotrant 

BT/SA 

231-276 

44^530 

12^ 

54 

98 

<1 

38:? 

99.6 

54  n/  ‘!<J  -i 

DEAROMAtQEDAUPHATfCS 

HHI 

Emol^teopentjane  Sohrent 

KH 

^ N/A 

N/A 

HRS 

SEOHI 

IBM 

NT 

N/A 

N/A 

^.iKlO 

14,5 

- 

100 

<001 

600 

7b  'C--4 

EnittI*  Altetliyfpentaite 
Nwiittia 

SA 

138-144" 

18 

<0 

0.66 

5,50 

6 

147 

2B 

■ 

17.0 

1 

99 

<0,01 

m ' 

2;  ■ 

Cmol*Hei;me  Sofvenf 

BT/S/> 

66-69 

15M56 

0 

0.67  „ 

5,59 

61, 

151 

2H 

7 \ 

3 

92 

<0,01 

50  • 

-W  0 

Entsol*  0 7S/1QQ  Haphtna 
ExxsoP  Heptane  Sotvenl 

SA,. 

78-97" 

169-207' 

<-18 

El 

ui 

5,i 

a 

132 

36  ’ 

l&-\ 

19 

81 

o.m 

547-1/  1-:* 

ST 

94-^ 

201-208 

-8 

18 

m 

5.79 

154 

29 

21.2 

?'  1 

1 

96 

<0.01 

m 

; = 

Ensol*  0115/145  HaphW 

SA 

116-144 

241-291 

10 

Cl 

0.71 

■ 6,22 

61 

141 

35 

22.1 

41 

59 

0-01 

300'-'" 

'“^5i742-lv-M 

E»a^03135Haphtha 

SA 

15M77 

315-^1 

n 

m 

0,77 

6.4?. 

h 

151 

34 

24 

23.7 

7,5 

48 

52 

0,02 

300- 

64-42  47  :> 

£xxsoI*D40SoNeirt 

'8T/SA 

159-204 

318-399 

'13 

109 

0.79 

6,49 

6/ 

152 

34 

12 

26.Q 

7.4 

57 

42 

0.4 

300== 

64;4?4?.k 

£mol*OfiO$oM 

187-210 

369-410 

63 

146 

0.79 

6.54 

7} 

'^159 

32 

6 

25.1 

7.4 

51 

49 

0.4 

300  = 

r>4/42-47 

izcsfil*  8 80  Solvettt 

’ ^ 

405-454 

180 

SKlSi 

6,65 

?e 

169 

29 

<1 

27.6 

7.4 

47 

53 

<0.2 

300"- 

5474/  1/c 

■ 81 

^1-269 

^516 

m 

2M 

0.81 

6.7? 

84 

183 

25 

<1 

EHS 

7.2 

41 

59 

<0,5 

300'-’ 

64/42-4?  B. 

- BT 

27W16 
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Table  2.131: 


Table  2.132: 


FIna  Aromatic  Solvents  (6) 


Typical  Properties 

Solvent  Name 

Flash 

Deg.F 

API 

Gravity 

specific 

Grav'jty 

Distillation 

Deg.F 

Common  Applications 

FAS  70 

180 

20 

0,93-40 

450-645 

Warmer  climate  oil  >voll  applications 
Wood  treating  preservative 

FAS  104 

115 

30 

0.8762 

.300  - 495 

Down  hole  oil  well  applications 
Wash  oil 

Reaction  solvent  in  chemical  pr<x:essing 
Carrier  solvent  for  specialty  chemicals 
High  octane  gasoline  blcndsUx:k 

FAS  150 

155 

22 

0.9218 

370  - 630 

Very  similar  to  FAS  104  except  higher  flash. 
Used  in  the  same  applications  as  FAS  104. 

FAS  TX-150 

155 

26 

0.8984 

360-400 

Water  while  (Sayboll  +30)  solvent 
Paint  blendslock/ sol  vent 
Reaction  solvent  in  chemical  processing 
for  specialty  paint  and  oilfield  chemicals 
Oilfield  chemical  solvent 
High  quality  wash  oil 

FAS  TX-200 

219 

11 

0.9930 

450  - 527 

Carrier  for  agricultural  products 

High  flash  solvent  applications  in  coatings 

Used  in  manufacturing  specially  chemicals 

Toluene  (90%  Purity) 

31 

0.8708 

232  - 253 

High  octane,  low  RVP  gasoline  blendstock 

Xylene 

31 

0.8708 

281  - 285 

Many  uses  in  solvents,  gasoline. 

chcmica!  processing 


Hoechst  Celanese  Methyl  Isobutyl  Ketone  (42) 


Methyl  Isobutyl  Ketone 

(MIBK;  Isobutyl  methyl  ketone;  Hexone; 
Isopropylacetone;  4-Methyl-2-pentanone) 


Physical  Properties 


Autojgnition  Temperalure: 

840“F  (449“C) 

Cntical  Compressibility  Factor: 

0.254 

Critical  Pressure: 

32.3  atm 

Critical  Temperature; 

298. 3“C 

Critical  Volume: 

0.369  m^/kmo! 

Dipole  Moment 

9.0X  10-3^>  cm 

Evaporation  Rate  (n-BuAc  = 1): 

1.54 

Flammability  Limit  (vo(  % in  air): 
Upper  Limit: 

Lower  Limit: 

8.0 

1.2 

Flash  Point  (Tag  Closed  Cup): 

60“F  (16“C) 

Freezing  Point: 

<-50°C  (<-5a”F) 

Heat  of  Vaporization: 

(BTU/b)  182 

Terr^jerature  (“F)  26 

177  172  167  136 

61.9  98.1  134  315 

Liquid  Density:  (tVgal)  6.66 

Temperature  (®F)  25.7 

6.71  6.55  6.24  5.90 
61.9  98.1  171  243 

Liquid  Heat  Capacity: 

(BTU/lbAF)  0.514 

Temperature  (®F)  77.0 

0.518  0.521  0.546 

05.7  94.4  155 

Liquid  Thermal  Conductivity: 

(BTUWsec/“F)  2.45X10^  2.32X10-S  2.06X10-5 

Temperature  (®F)  5.03  54.7  1 54 

Liquid  Viscosity:  (cp)  0.774 

Temperature  (®f^  32.0 

0.570  0.436  0.345 

70.7  109  147 

Normal  Baling  Point  (760  mm  Hg); 

116“C  (24rF) 

ScrfubiTity  (grams/1 00  grams  of  water  at  20°C): 

1.95 

Specific  Gravity  (20‘’C/4*’C): 

0.801 

Surface  Tension;  (dynes/cm) 

24.4 

22.3 

16.3 

Temperature  (®F) 

61.9 

90.1 

207 

Vapor  Density  (Air « 1 , at  20X): 

3.46 

Vapor  Pressure:  (mm  Hg)  3. 1 5 

12.1  14 

.9  37.1 

42.3 

Terr^ature  (®F)  25.7 

61.9  68 

.0  98.1 

207 
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Table  2.133: 


Kendall/Atnalie,  Witco  Special  Solvents  (65) 


KENSOL  8 

C.A.S.  #68410-98-0 


ASTM 

METHOD  PROPERTIES  SPECIFICATION 


D-287* 

GRAVITY,  API 

69.0  MIN  76.0  MAX 

D-56 

FLASH  POINT,  (T.C.C.) 

-4°F  / -20X  MAX 

TYPICAL  VALUE 

D-287* 

GRAVITY,  API 

72.0 

LBS7GAL. 

5.79 

D-156 

COLOR,  SAYBOLT 

+30 

ODOR 

TYPICAL  SOLVENT 

DOCTOR  TEST 

SWEET 

D-86* 

DISTILLATION, 

°F 

20 

IBP 

109 

43 

5% 

129 

54 

50% 

167 

75 

95% 

209 

98 

EBP 

247 

119 

D-323 

REID  VAPOR  PRESSURE 

6.52  LBS/IN 

2 

TOTAL  AROMATICS 

2.85% 

BENZENE 

1.15% 

TOLUENE 

1,70% 

KENSOL 10 

C.A.S.  68410-97-9 


ASTM 

METHOD  PROPERTIES  SPECIFICATION 


D-287* 

GRAVITY,  API 

65  MIN 

D-323 

REID  VAPOR  PRESSURE 

4.0  MIN/ 6.3  MAX 

D-97 

POUR  POINT 

^"F  / ^0°C  MAX 

D-86* 

DISTILLATION  °F 

MIN 

MAX 

°F  °C 

_!C 

IBP 

100  38 

134  57 

10% 

135  57 

170  77 

50% 

200  93 

235  113 

90% 

275  135 

310  154 

EBP 

315  157 

350  177 

TYPICAL  VALUE 

D-287* 

GRAVITY,  API 

68 

LBS./GAL. 

5.9 

D-323 

REID  VAPOR  PRESSURE 

4.6 

D-156 

COLOR,  SAYBOLT 

+30 

(BEFORE  DYE) 

D-56 

FLASH  POINT.  (T.C.C.) 

-10°F/-23°C 

{ 

t 

(continued) 
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Table  2.133:  (continued) 


KENSOL17 

C.A.S.  64742-48-9 


ASTM 

METHOD 

PROPERTIES 

SPECIFICATION 

D-287* 

GRAVITY,  API 

58  MIN  / 61  MAX 

D-66* 

DISTILLATION,  °F 

IBP 

170«F  MIN 

EBP 

400<’F  MAX 

D-287* 

GRAVITY,  API 

TYPICAL  VALUE 
61 

LBS./GAL. 

6.12 

D-86* 

DISTILLATION 

°F  °C 

IBP 

175  79 

5% 

210  99 

10% 

217  103 

50% 

244  118 

90% 

291  144 

95% 

303  1 51 

EBP 

358  181 

D-1319 

FLORESCENT  INDICATOR  ANALYSIS  (F.I.A.) 

AROMATICS,  VOLUME  % 

6.5% 

OLEFINS.  VOLUME  % 

.5% 

SATURATES  VOLUME  % 

93 

D-156 

COLOR,  SAYBOLT 

+30 

D-56 

FLASH  POINT,  (T.C.C.) 

+25«F  / -4°C 

KENSOL  30 

ASTM 

REGULAR  MINERAL  SPIRITS, 

C.A.S.  8052-41-3 

METHOD 

PROPERTIES 

SPECIFICATION 

D-287* 

GRAVITY,  API 

50.8  MIN/ 52.7  MAX 

D-56 

FLASH  POINT,  (T.C.C.) 

105°F/40°C  MIN 

D-66* 

DISTILLATION,  ®F 

5% 

310°F  MIN 

95% 

390°F  MAX 

EBP 

410°F  MAX 
TYPICAL  VALUE 

D-287* 

GRAVITY,  API 

52 

LBS./GAL. 

6.42 

D-156 

COLOR,  SAYBOLT 

+30 

ODOR 

MILD  PETROLEUM  SOLVENT 

D-611 

ANILINE  POINT 

149«F  / 65°C 

D-1133 

KAURI  BUTANOL  VALUE 

32.5 

D-97 

POUR  POINT 

-40°F  / -40°C 

D-1319 

FLORESCENT  INDICATOR  ANALYSIS 

AROMATICS,  VOLUME  % 

9.4 

OLEFINS,  VOLUME  % 

.7 

SATURATES.  VOLUME 

89.9 

D-B6 

DISTILLATION 

op  OQ 

IBP 

306  152 

5% 

322  162 

50% 

341  170 

95% 

375  190 

EBP 

393  201 

(continued) 
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Table  2.133:  (continued) 


KENSOL  33 

RULE  66  MINERAL  SPIRITS,  C.A.S.  8052-41-3 

ASTM 

METHOD  PROPERTIES  SPECIFICATION 


D-287* 

GRAVITY,  API 

51  MIN/ 54  MAX 

D-56 

FLASH  POINT,  (T  C-C.) 

105°F/40°C  MIN 

D-86* 

DISTILLATION,  °F 

5% 

310°F  MIN 

95% 

390°F  MAX 

EBP 

410°F  MAX 

UV  ANALYSIS,  VOL  % AROMATICS  7.2  MIN  1 7.8  MA: 

TYPICAL  VALUE 

D-287* 

GRAVITY,  API 

52 

LBS./GAL. 

6.42 

D-156 

COLOR,  SAYBOLT 

+30 

D-611 

ANILINE  POINT 

65 

D-1133 

KAURI  BUTANOL  VALUE 

32.5 

D-97 

POUR  POINT 

-40^F  / -40°C 

D-1319 

FLORESCENT  INDICATOR  ANALYSIS 

AROMATICS,  VOLUME  % 

7.5 

OLEFINS,  VOLUME  % 

0.5 

SATURATES,  VOLUME 

92 

D-86 

DISTILLATION 

op  0(3 

IBP 

318  137 

5% 

325  161 

50% 

339  169 

95% 

368  185 

EBP 

391  197 

KENSOL  48T 


NARROW  CUT  PETROLEUM  DISTILLATE, 

C.A.S.  #64741-86 

ASTM 

METHOD 

PROPERTIES 

SPECIFICATION 

0-92 

FLASH  POINT  »F,  COC 

170  / 77X  MIN 

D-287* 

GRAVITY,  "API 

46.8  MIN -48.0  MAX 

D-86* 

DISTILLATION,  “F 

IBP 

380  MIN  / 193**C  MIN 

EBP 

475  MAX  1 246X  MAX 

TYPICAL  VALUE 

D-287* 

GRAVITY  “API 

47.4 

LBS./GAL. 

6.5 

0-92 

FLASH  POINT  °F,  COC 

185/  85°C 

D-156 

COLOR,  SAYBOLT 

+30 

D-1611 

ANILINE  POINT,  °C 

72.5/  162‘*F 

D-1133 

KAURI  BUTANOL  VALUE 

28.3 

D-86 

DISTILLATION 

°F  °C 

IBP 

391  199 

10% 

409  209 

50% 

422  21 7 

90% 

443  228 

EBP 

465  241 

D-97 

POUR  POINT,  “F 

-40  / -40°C 

0-88 

VISCOSITY  @100“F,  SUS 

31.2 

D-445 

VISCOSITY  @ 40°C,  CST 

1.56 

DOCTOR  TEST 

SLIGHTLY  SOUR 

COPPER  STRIP  CORROSION 

1b 

D-1319 

F.I.A.  ANALYSIS,  VOLUME  % 

AROMATICS 

11.4 

OLEFINS 

3.1 

SATURATES 

85.5 
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Table  2.134;  Mobil  Oil  Aliphatic  and  Aromatic  Solvents  (64) 


Toluene,  Nitration  Grade 


Prooertv 

Method 

Specification 

TvPicaf 

Acidity 

ASTM  D 847 

No  Free  Acid 

Negative 

Acid  Wash  Color 

ASTM  D 848 

2 max 

<1 

Appearance  at  65  to  78  ®F 
(18.3  to  25.6  X) 

Visual 

Clear  Liquid  Free  of 
Sediment  & Haze 

Clear 

Color.  PlotinumXobalt 

ASTM  D 1209 

20  max 

0 

Copper  Corrosion 

ASTM  D 849 

Negative 

Pass  1A 

Distillation  Range  including 
110.6  X at  760  mm  Hg 
Pressure.  ®C 

ASTM  D 850 

1 max 

0.7 

Non-Aromatics,  Volume  % 

Gas  Chromatograph 

1.5  max 

0.02 

Specific  Gravity.  60/60  ®F 
(15.6/15,6  X) 

ASTM  D 891 

0.869  - 0.873 

0.872 

Sulfur  Compounds 

ASTM  D 853 

Free  of  H2S  & SO2 

Negative 

Complies  with  ASTM  D 841  Product  Number;  871004  (lbs),  868224  (gals) 

Pounds  per  Gallon,  60  (15.6  ”C):  7.26 Specification  Date:  August  1,  1996 


Solvent  Xylene 


Propertv 

Method 

Specification 

Tvplcal 

Acidity 

ASTM  D 847 

No  Free  Acid 

Negative 

Acid  Wash  Color 

ASTM  D 848 

6 max 

3 

Color.  Platinum-Cobalt 

ASTM  D 1209 

20  max 

0 

Copper  Corrosion 

ASTM  D 849 

Negative 

Pass  1A 

Distillation,  '’C 

Initial  Boiling  Point 

ASTM  D 850 

137  min 

138 

Dry  Point 

143  max 

140 

Range  including  139.3  **C 

5 max 

2 

at  760  mm  Hg  Pressure 

Specific  Gravity.  60/60  *F 

ASTM  D 891 

0.860  - 0.875 

0.871 

(15.6/15.6  X) 

Sulfur  Compounds 

ASTM  D 853 

Free  of  H2S  & SO2 

Negative 

Compiles  with  ASTM  D 843 

Pounds  per  Gallon.  60  **F  (15.6  **C):  7.26  Product  Number:  870808  (lbs).  868182  (gals) 

Production  Point:  Chalmette.  LA Specification  Date:  August  1, 1996 


(continued) 
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Table  2.134:  (continued) 


Pegasol  R-100  Aromatic  Solvent 


Prooeilv 

Method 

Soecification 

TvDical 

Appearance 

Visual 

Report 

Clear  & Bright 

Aromatics,  Volume  % 

Gas  Chromatograph 

95  min 

99.3 

Benzene,  Volume  % 

Gas  Chromatograph 

0.1  max 

<0.01 

Dlstiflation, 

ASTMD86 

Initial  Boiling  Point 

300  min 

310 

Dry  Point 

350  max 

340 

Flash  Point,  TCC,  **F 

ASTMD56 

105  min 

109 

Kauri -Butanol  Value 

ASTM  D 1133 

Report 

91 

Specific  Gravity,  60/60  ®F 
(15.6/15.6  ®C) 

ASTM  D 891 

0.865  - 0.885 

0.875 

Pounds  per  Gallon.  «0  "F  (15.6  *C);  7.30  Product  Number;  870204  (lbs).  868331  (gals) 

Production  Point:  Cholmette,  LA Speciflcotion  Dote;  August  1, 1996 


T-400  Aromatic  Solvent 


Prooertv 

Method 

Soecification 

Tvoical 

Appearance 

Visual 

Report 

Clear  & Bright 

Aromatics,  Volume  % 

Gas  Chromatograph 

95  min 

99.3 

Distillation, 

ASTM  D 86 

Initial  Boiling  Point 

300  min 

310 

Dry  Point 

400  max 

340 

Flash  Point.  TCC,  «F 

ASTM  D 56 

105  min 

109 

Kauri-Butanol  Value 

ASTM  D 1133 

Report 

91 

Specific  Gravity.  60/60  ®F 
(15.6/15.6  "O 

ASTM  D 891 

0.865  - 0.885 

0.875 

Pounds  per  Gallon,  60  (15.6  *C):  7.30  Product  Number:  870915  (lbs),  860916  (gals) 

Production  Point:  Chalmette,  lA Specification  Dote:  August  1, 1996 


(continued) 
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Table  2.134:  (continued 


T-500-100  Aromatic  Solvent 


ProDertv 

Method 

Soecification 

TvDical 

Acidity 

ASTM  D 847 

No  Free  Acid 

Negative 

Aromatics.  Volume  % 

Gas  Chromatograph 

94  min 

99.4 

Copper  Corrosion 

ASTM  D 849 

Negative 

Pass  lA 

Distillation,  *F 

Initial  Boiling  Point 

ASTM  D 850 

290  min 

300 

Dry  Point 

345  max 

340 

Doctor 

ASTM  D 4952 

Sweet 

Negative 

Flash  Point,  TCC,  ®F 

ASTM  D 56 

100  min 

102 

Kauri-Butanol  Value 

ASTM  D 1133 

Report 

92 

Specific  Gravity,  60/60  ®F 

ASTM  D 891 

0.860  - 0.875 

0.874 

(15.6/15.6  ®C) 
Sulfur  Compounds 

ASTM  D 853 

Free  of  H2S  & SO2 

Negative 

Pounds  per  Gallon,  60  °F  (15.6  ‘C):  7.29  Product  Number;  870923  (lbs).  860924  (gals) 

Production  Point;  Chqlmette,  LA Specification  Date;  August  1,  1996 


Pegasol  R-1 50  Aromatic  Solvent 

Prooertv 

Method 

Specification 

Tvpicai 

Appearance 

Visual 

Clear  & Bright 

Clear  & Bright 

Aromatics,  Volume  % 

Gas  Chromatograph 

95  min 

99.7 

Color,  Saybolt 

ASTM  D 156 

25  min 

30 

Distillation,  *^F 

Initial  Boiling  Point 
Dry  Point 

ASTM  D 86 

350  min 
420  max 

360 

380 

Flash  Point,  TCC,  ®F 

ASTM  D 56 

142  min 

145 

Kauri-Butanol  Value 

ASTMD  1133 

89  min 

90 

Specific  Gravity,  60/60  **F  ASTM  D 891 

(15.6/15.6  «C) 

0.890  - 0.910 

0.892 

Pounds  per  Gallon,  60  (15.6  X):  7.50 

Production  Point:  Chalmette,  LA 


Product  Number:  870212  (lbs),  868323  (gals) 
Specification  Dote;  August  1, 1996 
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Table  2.135:  Penreco  Hydrocarbon  Solvents  (18) 


Specifications 

2261  Oil 

2263  Oa 

2267  OK 

2269  Oil 

2260  Oil 

CAS  No. 

64742144 

64742474 

64742-46-7 

604247-6 

604247-6 

API  Gravity,  GOT 

4W50 

4 6/ VI 

44/47 

4.1/47 

40/44 

Specirtc  Gravity,  60/60“F 

77W.797 

779/  .797 

791/,  8(K) 

791/.  8 H 

.806/.M25 

Olatinatlon,  A8TM  D 66 

IBP.  ‘F,  min 

m 

175 

410 

445 

.510 

(*C,  min) 

(191) 

(191 

(2211 

(215) 

(266) 

End  Point,  *F,  max 

460 

460 

5(X) 

.540 

595 

{•C,  max) 

(2.18) 

(218 

(2rti) 

(282) 

(313 

Physical  Properties  (Typical) 

Spociflc  Gravity,  60/60*F 

786 

.786 

.795 

.804 

812 

Pounda/Oalloo,  80f 

6.56 

6.56 

6.64 

6.69 

6.76  1 

Vlacoelty,  IjOOT,  SUS 

.12.0 

1 32.0 

33.2 

34.5  1 

1 

38.0  ] 

VUooalty,  100*F,  CST 

1.66 

1 1.68 

2.18 

I 

218 

1 : 
4.30  : 

AnRtne  Point.  ASTM  0 611,  *F 

170 

168 

175 

181 

192  j 

KB  Vahioa.  ASTW  0 1133 

28 

29 

26.5 

24.5 

22.6  : 

Flaah  Point,  ASTW  D 92,  T 

165 

165 

210 

215 

260  ; 

<*C) 

(74) 

(74) 

(99) 

(102) 

027)  ; 

Poor  Point.  ASTW  D 97,  *F 

-40 

40 

•15 

0 

25  ; 

(“C) 

(-40) 

(40) 

(•26) 

(-18) 

(4)  : 

Chemical  Properties  (Typical) 

Aromatics  by  UV,  Wt% 

<1 

<1 

<1 

! 

<•  1 

CartMMi  Number,  by  GC 

Cp  r, 

C,vC,*  < 

Table  2.136:  Phillips  66  High  Purity  Hydrocarbon  (4) 


HYnKCX  AKW)N  LIQUII^S 


MINIMUM 


PflOOUCT 

GRADE 

CATALOG 

NO. 

PURITY 

MOL% 

n-Buty)benzene 

Pure 

A63400 

990 

Isobulytbenzene 

Pute 

A65400 

99.0 

Cyclohexane 

Pure 

N24400 

99,0 

98% 

N24900 

98.0 

Cyclopenlane 

Pure 

N22400 

99.0 

70% 

N22800 

- 

n-Decane 

Pure 

P10400 

- 

2.  2-Dimethytbulane,  (Neohexane) 

Pure 

134400 

99.0 

3. 3-Dimethylbulene-1  (Neohexene) 

020300 

95.0 

n-Dodecane 

Technical 

PI  2300 

95.0 

n-Heptane 

Pure 

P07400 

99.0 

Commercial 

P07200 

— 

ASTM 

P07444 

- 

n-Hexane 

Pure 

P06400 

99.0 

Technical 

P06300 

95,0 

High  Purity 

P06200 

85,0 

Hexene-1 

Technical 

021300 

95.0 

fsohexanes 

Commercial  136200 


Hydrcx:arbon  Liquids 


PRODUCT 

GRADE 

CATALOG 

NO. 

MINIMUM 

PURITY 

MOL% 

Isopenlane 

Pure 

Commercial 

126400 

126200 

99  0 

2-Mo1hytbu1ene-2 

Commercial 

017800 

Melhylcyclohexane 

Pure 

N29400 

2-Methylpentane 

Pure 

130400 

990 

3-Methylpentane 

Pure 

132400 

99.0 

n-Octane 

Technical 

P08700 

97.0 

n-Pentane 

Pure 

Commercial 

P05400 

P05392 

99  0 
98.0 

Toluene 

Pure 

Reference  Fuel 

A42400 

A42444 

99.0 

2,2,4-Trimethylpentane  (see 

Isooctane) 

ortho-Xylene 

Pure 

Technical 

A47400 

A47300 

99.0 

95.0 

meta-Xylene 

Technical 

A44300 

95.0 

para-Xylene 

Pure 

A48400 

99.0 

Table  2.137:  Shell  Chemical  Solvents  (14) 

OXYGENATED  SOLVENTS 

Average 

Boiling  Point  Pounds  Average 


(or  Range) 

Fiasli 

Coefficient  Per  Gallon  €) 

SpeciCic 

Gravity 

Point 

Surface 

of 

(VOC  Content) 

“F  ± 5° 

Vapor 

Refractive 

Tension,  Expansiop 

Freezing 

(Tag 

PrCHSurc 

Index 

Dynes/ 

O20“C 

Molecular 

Point, 

Closed 

inmHg 

n 20' 

CM 

/AV\ 

Weiglil 

“C 

op 

“C* 

Cup) 

@ 2(PC 

D 

20®C 

\VAT/ 

2S“C 

60“F 

25/25°C 

60/60“F 

Fast  Evaporating — Relative  Evaporation  Rate  )3.0 

ACETONE* 

CH3COCH3 

58.08 

56.1 

133.0 

- 94.9 

-15 

185.46 

1.3590 

22.32 

0.00143 

1 6.55 

6.64 

0.788 

0.797 

ETHYL  ACETATE  (85-88%)^ 

CHjCOOCzHs 

88.10 

70-85 

158-185 

— 

24 

— 

— 

~ 

0.00134 

i 7.33 

7.42 

0.881 

0.890 

ETHYL  ACETATE  (95  98%) 

CHjCOOCjHs 

88.10 

73-80 

163-176 

— 

— 

— 

— 

0.00134 

I 7.43 

7.51 

0.894 

0.902 

ETHYL  ACETATE  (99%) 

CHjCOOCjHs 

88.10 

77.1 

170.8 

- 83.6 

— 

73.8 

1.3725 

23.9 

0.00134 

; 7.46 

7.55 

0.897 

0.906 

METHYL  ACEI'ATE  (80%) 

CHjCOOCHj 

74.08 

57.1 

134.8 

- 981 

14 

172.3 

1.3594 

— 

j 7.48 

7.58 

0.900 

0.910 

METHYL  ETHYL  KETONE 

CHjCOCaHs 

72.11 

79.64 

175.35 

- 86.69 

23 

70.92 

1.3788 

24.6 

0.00131 

6.67 

6.75 

0.802 

0.812 

iHo-l»HOF»YL  ACETATE  (95-97%) 

CH3COOCH(CIl3)2 

102.13 

88.7 

191.7 

- 731 

40 

46.9 

1.3770 

21.2 

0.00131 

i 719 

7.28 

0.866 

0.875 

Uo-PROPYL  ETHER 

(CH3)^CHOCH(CH3)a 

102.18 

68.5 

155.3 

“ 85.5 

-18 

119.5 

1.3682 

17.3 

0.0015 

i 5.99 

6.07 

0.720 

0.729 

TETRAHYDROEURAN 

OCH2CH2CH2CH0 

72.10 

66.0 

150.8 

- 108.5 

6 

130.0 

1.4073 

26.4® 

— 

■ 7.35 

7.42 

0.884 

0.891 

Medium  Evaporating— Relative  Evaporation  Rate  0.8- 

-3.0 

iso-BUTYL  ACETATE  (90%) 

CH3C00CH2CH(CH3)2 

116.16 

117.2 

243.0 

-99.85 

68 

15.0 

1.3880 

23.3 

0.00119 

719 

7.26 

0.865 

0.872 

n-BUTYL  ACETATE  (90  92%) 

CHjCOOC4H^ 

116.16 

118-128 

244-262 

- 73.5 

80 

8.9 

1.3951 

24.0 

0.00117 

t 7.25 , 

7.32 

0.872 

0.879 

n-BUTYL  ACETATE  (99%) 

CH3COOC4H, 

116.16 

126.1 

259.0 

— 

82 

8.5 

— 

27.6 

0.00121 

1 7.30 

7.37 

0.878 

0.885 

sec-BUTYL  ACETATE  (90%) 

CH3C00CH(CH3)C3H5 

116.16 

112.2 

234.0 

- 98.9 

88 

16.2 

1.3915 

22.8 

Oj00118 

715 

7.23 

0.860 

0.868 

sec-BLTYL  ALCOHOL 

CH3CH2CHOHCH3 

74.12 

99.5 

211.1 

- 114.7 

72 

11.4 

1.3969 

23.0 

0.00101 

6.69 

6.75 

0.805 

0.811 

teri-BlJTYL  ALCOHOL 

C(CH3)30H 

74.12 

82.6 

180.7 

25.66 

52 

29.6® 

1.3841“ 

20.7 

0.00133 

6.50 

0.782" 

— 

1,1,1,-TRlCHLOROETHANE 

CH3CCL3 

133.0 

165.2 

74.0 

- .38 

none 

100.00 

1.438 

25.6 

10.91 

— 

1.319 

1.321 

DIETHYL  KETONE 

C2H5COC2HS 

86.13 

101.5 

214.7 

- 42.0 

55« 

26.9 

1.3905 

— 

— 

6.76 

6.82 

0.814 

0.819 

ETHYL  ALCOHOL  200  PRF.  ANHYD 

CjHjOH 

46j07 

78.32 

173.0 

- 1141 

56 

43.9 

1.36143 

22.27 

0.0011 

6.53 

6.60 

0.786 

0.793 

ETHYL  ALCOHOL  190  PRF.  (95%) 

C2H50H 

46.07 

— 

— 

— 

61 

— 

— 

— 

0.0011 

6.73 

6.79 

0.809 

0.816 

METHYL  ALCOHOL 

CH30H 

32.04 

64.5 

1481 

- 97.8 

51 

97.5 

1.329 

22.6 

0J0O119 

6.56 

6.63 

0.789 

0.796 

METHYL  ISOBLTYL  KETONE 

CH3C0CH2CH(CH3)2 

100.16 

116.2 

241.2 

- 83.5 

60 

14.5 

1.3957 

23.64 

0.00115 

1 6.64 

6.71 

0.799 

0.806 

METHYL  ISOPROPYL  KETONE 

CH3C0CH(CH3)2 

86.13 

93.9 

201.0 

- 92.0 

— 

39.8 

1.3862 

0.001 

6.65 

6.71 

0.801 

0.806 

METHYL  n PROPYL  KETONE 

CH,C0C3H7 

86.13 

102.3 

2161 

- 77.5 

45 

27.0 

1.3902 

26.6® 

0j0O12 

6.69 

6.75 

0.805 

0.810 

2-NITROPROPANE 

CH3CHNOJCH3 

89X)9 

120.3 

248.5 

- 93.0 

82 

12.9 

1.3941 

30j0 

Oj00104 

8.20 

8.26 

0.987 

0.992 

n-PROPYL  ACETATE  (90-92%) 

CHjCOOCjH; 

102.13 

101.6 

214.9 

- 92.5 

58 

24.8 

1.3844 

23.9 

0J0O126 

7.29 

7.37 

0.877 

0.885 

iso-PROPYL  ALCOHOL 

(CH3),CH0H 

60.09 

82.33 

180.2 

-88.43 

53 

32.0 

1.3772 

21.35 

0.00104 

6.51 

6.57 

0.783 

0.790 

n-PROPYL  ALCOHOL 

CjH^OH 

60.09 

97.15 

206.9 

- 127.0 

77 

14.2 

1.385 

23.8 

0.00096 

6.67 

6.74 

0.803 

0.809 

(continued) 
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Table  2.137:  (continued) 


KvH{H)rHhoii 

CharHclcriHlirfi 


Sr(‘oit(ts 

Rrlativr 

to 

Ralr 

90% 

mBuOAc 

Evh|J,‘ 

= 1.0 

Fast  Evaporating — Relative  Evaporation  Rate  )3.0 

ACETONE* 

CHjCOCHj 

82 

5.59 

ETHYL  ACETATE  (85  88%)' 

CHjCOOCjHs 

115 

3.98 

ETHYL  ACETATE  (95-98%) 

CHjCOOCjHj 

117 

3.91 

ETHYL  ACETATE  (99%) 

CHjCOOCjHs 

117 

3.91 

METHYL  ACETATE  (80%) 

CH3COOCH3 

93 

4.92 

METHYL  ETHYL  KETONE 

CHjCOCjHs 

121 

3.79 

iso-PROPYL  ACETATE  (95-97%) 

CH,C00CH(CH3)2 

134 

3.42 

iso-PROPYL  ETHER 

(CH3)2CHOCH(CIl3)2 

57 

8.04 

TETRAHYDROKURAN 

QCH2CH2CH2CH2 

97 

4.72 

Medium  Evaporating — Relative  Evaporation  Rate  0.8-3.0 

iso-BUTYL  ACETATE  (90%) 

CH3C00CH2CH(CH,)2 

305 

1.50 

n-BUTYL  ACETATE  (90-92%) 

CHjCOOC^H^ 

458 

1.00 

n-BUTYL  ACETATE  (99%) 

CH3COOC4H, 

468 

0.98 

flec-BUTYL  ACETATE  (90%) 

CHjCOOCH(CH3)C2Hs 

257 

1.78 

sec-BUTYL  ALCOHOL 

CH3CH2CHOHCH3 

563 

0.81 

im-BUTYL  ALCOHOL 

C(CH3)30H 

(430) 

(1-05) 

1,1,1,-TRICHLOROETHANE 

CHjCCLj 

76 

6.0 

DIETHYL  KETONE 

CjHsCOCjHs 

205 

2.23 

ETHYL  ALCOHOL  200  PRF.  ANHYD 

CjHjOH 

278 

1.60 

ETHYL  ALCOHOL  190  PRF.  (95%) 

CjHsOH 

328 

1.40 

METHYL  ALCOHOL 

CH3OH 

221 

2.07 

METHYL  ISOBUTYL  KETONE 

CH3C0CH2CH(CH3)2 

295 

1.61 

METHYL  ISOPROPYL  KETONE 

CHjCOCH(CH3)2 

164 

2.79 

METHYL  n-PROPYL  KETONE 

CHjCOCjH, 

201 

2.28 

2-NITROPROPANE 

CH3CHNO3CH3 

415 

1.10 

n-PROPYL  ACETATE  (90  92%) 

CHjCOOCjH: 

220 

2.08 

iso-PROPYL  ALCOHOL 

(CH3)jCHOH 

319 

1.44 

n-PROPYL  ALCOHOL 

C,H;0H 

530 

0.86 

Soliihiiily  nf 


rpH  @ BIiihIi 


Purr 

Diliilifui  KhIui^  (M>mfioiiiul 

@ 2fl**C,  % 


PliYKiral  (liicmirat  Paranirters 
lly<l  rogeii 


hy  Wright  li<nHiing 

% HrI. 

Ugni  iluiii. 


Neat  N.C.’ 

Alipitulic 

In  Water  Soliihility 

Fractional 

Compound  Sohitioii 

80°F'^  'lolitrm* 

Naphtha'’ 

Water  In  Paramctrr 

Polarity  Index  Chararlrristirs 

0.31 

10 

<20 

4.4 

0.8 

Complete 

10.0 

0.623 

12.5 

Acceptor 

0.47 

18 

37 

3.3 

1.3 

7.9 

3.3 

9.6 

0171 

4.9 

Acceptor 

0.46 

19 

44 

3.1 

11 

8.7 

3.3 

9.3 

0156 

— 

Acceptor 

0.45 

20 

— 

31 

11 

2.9 

3.0 

91 

0151 

8.9 

Acceptor 

0.42 

16 

<35 

2.9 

0.9 

24.5 

8.2 

10.5 

0101 

Acceptor 

0.41 

15 

36 

4.3 

0.9 

271 

12.5 

9.3 

0.514 

10.5 

Acceptor 

0.52 

27 

62 

2.8 

1.3 

2.9 

1.9 

8.6 

0131 

8.5 

Acceptor 

0.35 

COSOLVENT  FOR  NITROCELLULOSE 

11 

0.5 

7.0 

0.021 

15.6 

D-A« 

0.50 

21 

50 

2.9 

11 

Complete 

9.9 

0135 

16.5 

Acceptor 

0.68 

37 

78 

2.2 

11 

0.67 

1.65 

8.3 

0.093 

8.7 

Acceptor 

0.71 

35 

82 

2.7 

1.4 

1.0 

1.37 

9.0 

0.096 

5.7 

Acceptor 

0.68 

44 

— 

2.7 

1.3 

__ 

— 

8.6 

0.095 

10.8 

Acceptor 

0.65 

33 

76 

2.6 

1.3 

0.74 

21 

8.2 

0.090 

8.3 

Acceptor 

ro 

COSOLVENT  FOR  NITROCELLULOSE 

15.4 

651 

10.8 

0111 

-17.5 

D-A 

3.35’=' 

COSOLVENT  FOR  NITROCELLULOSE 

Complete 

10.2 

0116 

-17.0 

D-A 

0.79 

— 

— 

— 

— 

— 

8.7 

0.0 

4.2 

Acceptor 

0.47 

20 

76 

3.0 

0.7 

3.4 

2.6 

9.9 

0.403 

7.7 

Acceptor 

1.1 

COSOLVENT  FOR  NITROCELLULOSE 

Complete 

12.7 

0.299 

-17.7 

D-A 

1.4 

COSOLVENT  FOR  NITROCELLULOSE 

Complete 

13.2 

0.326 

■— 

D-A 

0.56 

19 

— 

2.2 

0.5 

Complete 

14.5 

0.484 

-19.8 

D-A 

0.55 

19 

78 

3.6 

1.0 

2.04 

2.41 

8.4 

0.317 

10.5 

Acceptor 

0.48 

19 

— 

3.8 

0.9 

2.3 

2.0 

8.9 

0.437 

10.5 

Acceptor 

0.68 

20 

70 

4.0 

11 

4.3 

3.3 

8.7 

0.415 

11.0 

Acceptor 

0.75 

63 

82 

1.2 

0.4 

1.7 

0.6 

9.9 

0.627 

4.0 

D-A 

0.59 

26 

65 

3.2 

1.5 

2.3 

2.6 

8.75 

0102 

8.5 

Acceptor 

2.4 

COSOLVENT  FOR  NITROCELLULOSE 

Complete 

11.5 

0170 

-16.7 

D-A 

2.0 

COSOLVENT  FOR  NITROCELLULOSE 

Complete 

11.9 

0199 

-16.5 

D-A 

(continued) 


Hydrocarbon  Solvents 


Table  2.137:  (continued) 


Average 

Boiling  Point  J’ounds  Average 

(or  Range)  hlaeli  CoerfieieiU  Per  Gallon  @ Specific  Gravity 

Surface  of  (VOC  Content) 

®F  ± 5“  Vapor  Refractive  Tension,  Expansion 


Slow  Evaporating — Relative  Evaporation  Rate  (0.8 

Molecular 

WeiKitt 

«C 

op 

Freezing 

Point, 

op, 

(Tag 

Closed 

Cup) 

Pressure 

mmllg 

@20“C 

index 

n20' 

D 

Dynes/ 

CM 

20®C> 

0 2O'’C 

(—) 

\\AT/ 

2.5“C 

60°F 

25/25°C 

60/60"F 

AMYL  ACETATE  (ex  Fuael  Oil)  (85-88%) 

ClljCOOCsIl,, 

130.18 

146X) 

294.8 

- 1000 

93« 

5,2 

1.401 

24.3 

0.00104 

714 

7.21 

0.859 

0.866 

AMYE  ACETATE,  PRIMARY 
(Mixed  Isomers)  (95%) 

ClljCOOCsH,, 

130.18 

146.0 

294.8 

- 100« 

101 

3.8 

1.4013 

28.5 

0.00115 

7.26 

7.34 

0.874 

0.881 

AMYE  ALCOHOL,  PRIMARY  (Mixed  Isomers) 

C,ll„OH 

88.15 

133.1 

271.6 

- 90.0 

— 

2.9 

1.4014 

23.8 

0.00092 

6.77 

6.83 

0.814 

0.820 

tert-AMYL  ALCOHOL 

(Cll,), colic, H, 

88.15 

102.2 

216.0 

- 8 .4 

— 

— 

1.4048 

— 

0.00133 

S.71 

6.77 

0.807 

0.814 

iso-BLlTYL  ALCOHOL 

CH,CII(CH,)CH,OH 

74.12 

107.8 

226.0 

- 108.0 

86 

8.8 

1.3859 

22.8 

0J00096 

6.65 

6.71 

0.801 

0.806 

n-BUTYL  ALCOHOL 

C^HpOH 

74.12 

117.7 

243.9 

- 89.0 

98 

41 

1.3993 

24.6 

0.00090 

6.72 

6.78 

0.808 

0.814 

BUTYL  DIOXITOL®  GLYCOL  ETHER 

C^H^OfCjH^O),!! 

162.22 

230.4 

446.7 

- 681 

220 

<0.01 

1.4316 

30.0® 

OJ00085 

7.95 

8.01 

0.956 

0.962 

BUTYL  OXITOL*  GLYCOL  ETHER 

C4H,0CjH40H 

118.17 

171.2 

340.2 

- 75.0 

143 

0.8 

1.4193 

27.3 

Oj0009'i 

7.49 

7.55 

0.901 

0.907 

III  CRESOL 

CH3C4H4OH 

108.141 

202.0 

396.0 

- 12.2 

187« 

014® 

1.5414 

38.0U^ 

8.58 

— 

1,030 



CYCLOHEXANOL 

CH,CH,CH,CH,CH,CHOH 

100.16 

160.65 

321,2 

- 2515 

154 

11 

1.4656 

351 

OJ00077 

7.87 

7.94 

0.947 

0.953 

CYCLOIIEXANOINE 

CHjCHjCHjCHiCHjCO 

98.14 

156.7 

3141 

- 47.0 

111 

3.4 

1,4507 

27.7 

0.00094 

7.86 

7.93 

0.946 

0.952 

OIACETONE  ALCOHOL 

(CHj),C(OH)CH,COCH, 

116.16 

169.2 

362.8 

- 44.0 

133 

0.95 

1.4234 

28.9 

0.00094 

7.79 

7.86 

0.937 

0.944 

DIBASIC  ESTER 

CH,OCO(CHj)„COOCHj  , 

>0  4,159.0 

196-225  385-437 

~ 20.0 

212 

0.24 

1.4213 

351 

0.0010 

913 

9.23 

1.097 

11075 

DIETHYLENEGLYCOL 

H0(C,H40)jH 

106.12 

245.0 

4730 

- 7.8 

300" 

002 

1.4472 

48.5 

OJ000635 

9.28 

9.33 

1116 

1120 

DIETIIYLENE  GLYCOL  MONODUTYL  ETHER 
ACETATE  (95%) 

CH3C00(CjH40),C4H, 

204.27 

246.0 

475.0 

- 32.2 

240° 

<001 

1.4262 

— 

0.00101 

815 

8.19 

0.981 

0.984 

DIISODUTYL  KETONE 

(CH3)CHCH,C0CHjCH(CH,),  142.23 

169.3 

336.7 

- 41.5 

140 

1.4 

1.4230 

22.5 

0.00102 

6.70 

6.76 

0.806 

0.811 

DIMETHYL  FORMAMIDE 

CHONfCHj), 

73,09 

153.0 

307.4 

- 61.0 

135 

2.7 

1.4269® 

35.2 

_ 

7.79 

7,87 

0.938 

0.945 

DIETHYLENE  GLYCOL  MONOETHYL 
ETHER-iow  gravity 

C,Hs0(C,H40),H 

134.18 

201.9 

395.4 

- 76.0 

192 

0.2 

1.4273 

35.5 

0.00090 

8.21 

8.28 

0.988 

0.994 

DIETHYLENE  GLYCOL  MONOETHYL 
ETHER-high  gravity 

C,Hs0(C,H40),H 

— 

190-205  374-401 

— 

201 

01 

1.4286 

— 

0.0009G 

8.51 

8.58 

1.024 

1.030 

DIPROPYLENE  GLYCOL  MONOMETHYL 
ETHER 

CHjOCHjCHCHjOCH, 

CHCH,OH 

148.2 

188.3 

371.0 

- 80.0 

167 

0.4 

1.4198 

28.8 

0.00091 

7.91 

7.98 

0.951 

0.957 

DIPROPYLENE  GLYCOL  MONOMETHYL 
ETHER  ACETATE 

CHjOCHjCHCHjOCHj 

CHCH3OOCCH3 

190.2 

205.0 

401.0 

— 

187 

0.2 

1.4140 

28.3 

— 

8j09 

818 

0.972 

0.983 

ETHYL  BUTYL  KETONE 

CjHsCOC4H, 

114.18 

147.6 

297.7 

- 390 

115° 

10.2 

1.4085 

— 

0.00106 

6.79 

6.85 

0.816 

0.822 

(continued) 
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Table  2.137:  (continued) 


Soltiliiiily  of 

l*nre  I'liyKicHl  ChrmirRl  ParamcterH 


rCvu(mra(j<m 

ViHeoMilieR 

Dilution  Hatio^ 

C.ompouml 

(diarucleriatir.R 

rp« 

@ 25”C 

BIukIi 

@ 20«C,  % 

llytlrogen 

ReKiNt 

liy  Wright 

Bunding 

SrrondB 

Relative 

% Hel. 

(0 

Kate 

8gm 

Mum. 

90% 

nBuOAr 

Neal 

N.C.’ 

<3> 

Aliplialir 

In  Water 

Soiuhilily 

Fraelional 

Evan.* 

= 1.0  i 

l^otnimund  Soliition 

HO^F' 

Tolu<-ne 

Naphtha^ 

Water  In 

r*arameter 

Polarity 

Index 

Cliaraeteriatien 

Slow  Evaporating— Relative  Evaporation  Rate  {0.8 

AMYL  ACETATK  <e»  Fuael  Oil)  (8.S-B8%) 

CHjCOOCsH,, 

689 

0.67 

0.83 

39 

88 

2.5 

1.7 

017  115 

8.9 

Oj068 

8.2 

Aeeeptor 

AMYL  ACETATE,  PRIMARY 
(Mixed  Uomerfl)  (95%) 

CHjCOOCsII,, 

1203 

0.38 

0.83 

55 

92 

2.3 

1.4 

0.20  0.90 

8.45 

0.077 

8.2 

Acceptor 

AMYL  ALCOHOL,  PRIMARY  (Mixed  Uomera) 

CsII.iOH 

2305 

0.20 

3.7 

COSOLVENT  FOR  NITROCELLULOSE 

1.7  9.2 

10.9 

0.074 



D-A 

let  l-AMYL  ALCOHOL 

(CH,),COHC,IIs 

505 

0.91 

3.5 

COSOl.VENT  FOR  NITROCELLUl.OSE 

13.7  20.9 

10.0 

0.093 

— 

D-A 

Uo-BUTYL  ALCOHOL 

CH3CII(CHj)CII,OII 

740 

0.62 

1.8 

COSOLVENT  FOR  NITROCELLULOSE 

8.7  15.0 

10.7 

0125 

-17.9 

D-A 

n-BUTYL  ALCOHOL 

C4H,0H 

1076 

0.43 

2.6 

COSOLVENT  FOR  NITROCELLULOSE 

7.7  201 

11.4 

0102 

-18j0 

D-A 

BUTYL  DIOXITOL®  GLYCOL  ETHER 

C4H,0(C,H40)aII 

150390 

<0.01 

5.3 

215 

85 

3.9 

1.9 

Complete 

8.9 

0.060 

0.0 

D-A 

BUTYL  OXITOL*  GLYCOL  ETHER 

C4lI,0C,Il40H 

6750 

0.07 

2.9 

107 

96 

3.3 

1.8 

(llomplete 

8.9 

0128 

0.0 

D-A 

m-CRESOL 

CIIjC*Il40II 

— 

<0.1 

9.8’2 

— 

_ 

— 

2.51®  ~ 

11.7 

0.047 

-15.0 

D-A 

CYCLOHEXANOL 

CHjCHjCIIjCH,CH,CHOII 

9160 

0.05 

52.7 

COSOLVENT  FOR  NITROCELLULOSE 

013  11.8 

11.4 

0.082 

-14.8 

D-A 

CYCLOHEXANONE 

CIIjCHjCHjCIIjCHjCO 

1566 

0.29 

2.0 

74 

92 

5.8 

1.3 

2.3  8.0 

9.9 

0.469 

13.7 

Acceptor 

DIACETONE  ALCOHOL 

(CH,),C(OH)CHjCOCHj 

3840 

012 

2.9 

137 

82« 

2.3 

0.6 

Complete 

9.2 

0.459 

0.0 

D-A 

DIBASIC  ESTER 

CIl30C0(CH3)„C00CH.,,„.j,„4» 

56700 

<0.01 

2.39 

— 

_ 

— 

5.3  31 

9.7 

0140 

8.2 

Acceptor 

DIETHYLENEGLYCOL 

H0(C3ll40)jII 

— 

<0.001 

28.9 

— 

— 

Complete 

121 

0.602 

0.0 

D-A 

DIETIIYLENE  GLYCOL  MONOBUTYL  ETHER 
ACETATE  (95%) 

CIl3C00(C3H40)jC4lI, 

327780 

<0.01 

31 

— 

— 

1.8 

0.9 

6.5  3.7 

8.8 

0.093 

— 

Acceptor 

DHSOBUTYL KETONE 

(CH,)CIICHjCOCII,CH(Cll3)j 

2437 

019 

0.95 

126 

95 

1.5 

0.8 

<0.05  0.75 

7.8 

0157 

9.8 

Acceptor 

DIMETHYL  FORMAMIDE 

CH0N(CH3)2 

2280 

0.20 

0.82 

14 

— 

7.7 

0.2 

Complete 

121 

0.796 

18.9 

D-A 

DIETHYLENE  GLYCOL  MONOETHYL 
ETHER-Iow  gravity 

C3Hs0(C3ll40)3H 

27800 

0.02 

4.0 

135 

<50® 

4.8 

imm. 

Complete 

9.7 

0J092 

00 

D-A 

DIETIIYLENE  GLYCOL  MONOETHYL 
ETIIER-high  gravity 

CiHs0(C,H40)jH 

36300 

0.01 

7.0 

320 

— 

2j0 

Imm. 

Complete 

IIjO 

0J045 

3.4 

D-A 

DIPROPYLENE  GLYCOL  MONOMETHYL 

CHjOCHjCHCIIjOCIIj 

22900 

0.02 

3.4 

— 



4.4 

0.8 

Complete 

9.6 

0175 

00 

D-A 

ETHER 

CHCH,OH 

DIPROPYLENE  GLYCOL  MONOMETHYL 

CHjOCHjCHCHjOCHj 

42200 

<0.01 

21 









12.3  — 

8.2 

0107 

Acceptor 

ETHER  ACETATE 

CHCH3OOCCH3 

ETHYL  BUTYL  KETONE 

C,HsCOC4H, 

1075 

0.43 

0.70 

49 

94 

2.6 

0.8 

1.43  0.78 

8.4 

0.361 

100 

Acceptor 

(continued) 


Hydrocarbon  Solvents 


Table  2.137:  (continued) 


Koiling  Ptiiiil 
(or  Range) 


Slow  Evaporating — Relative  Evaporation  Rate  (0.8 

Weight 

“C 

op 

ETHYL  3-ETHOXY  PROPIONATE 

CjH50C0C,H,0C,H5 

146.2 

165-172  329-342  < 

ETHYLENE  GLYCOL 

HOCJH4OH 

62.07 

197.3 

387.1 

2 ETHYL  HEXANOL 

C4H,CH(CjHs)CHjOH 

130.23 

184.8 

364.6 

2 ETHYL  HEXYL  ACETATE  (95%) 

CH3COOCHjCH(CjHs)C4H, 

172.27 

199.0 

390.2 

ETHYLENE  GLYCOL  MONOETHYL  ETHER 
ACETATE  (95%) 

CHjCOOCjH^OCjHs 

132.16 

150-160  302-320 

ETHYLENE  GLYCOL  MONOETHYL  ETHER 
ACETATE  (99%) 

CHjCOOCjH^OCjHs 

132.16 

156.3 

313.3 

ETHYLENE  GLYCOL  MONOBUTYL  ETHER 
ACETATE 

CHjC00C2H40C4H, 

160.21 

191.6 

376.9 

HEXYLENE  GLYCOL 

CH3CH(OH)CHaC(OH)(CH3)j 

118.17 

198.27 

388.9 

ISOBUTYL  rSOBUTYRATE 

(CH3)jCHCOOCHjCH(CH3)j 

144.21 

147.3 

297.1 

ISOPHORONE 

COCH;C(CH3)CHjC(CH3)2CH: 

, 138.2 

215.2 

419.4 

METHYL  n-AMYL  KETONE 

CHjCOCjH,, 

114.18 

150.5 

302.9 

DIETHYLENE  GLYCOL  MONOMETHYL 
ETHER 

CH30(CiH40)aH 

120.15 

194.2 

381.6 

METHYL  ISOAMYL  KETONE 

CH3COC2H4CH(CH3)j 

114.18 

145.4 

293.7 

METHYL  ISOBUTYL  CARBINOL 

CH3CH(OH)CH3CH(CHj)3 

102.18 

131.8 

269.2 

ETHYLENE  GLYCOL  MONOMETHYL  ETHER 

CH,0C3H40H 

76.09 

124.5 

256.1 

N-METHYL-2-PYRROLIDONE 

CHjCHjN(CH3)COCHj 

99.133 

202.0 

396.0 

ETHYLENE  GLYCOL  MONOETHYL  ETHER 

C,Hs0C3H40H 

90.12 

135.1 

275.2 

PROPYLENE  GLYCOL 

CHjCH(OH)CHjOH 

76.10 

187.3 

369.1 

PROYLENE  GLYCOL  MONOMETHYL  ETHER 

CHjOCHjCHCHjOH 

90.1 

120.1 

248.0 

PROPYLENE  GLYCOL  MONOMETHYL  ETHER  CHjOCHXHjCHOOCCH, 
ACETATE 

132.2 

141.0 

286.0  < 

PROPV!,ENE  GLYCOL  MONO  TERT<4g?y 
BUr;K  ETHER 

(CHj),C0CH3CHCH30H 

132.2 

151.0 

304.0 

TRIETMYLENE  GLYCOL 

H0(CjH40)3H 

150.17 

287.4 

549.3 

WATER 

HOH 

18.02 

100.0 

212.0 

(continued) 
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Table  2.137:  (continued) 


Soluliilily  of 

Pliy.siral  (Jicmiral  PurHinelrm 

Kva|Miration  V im  osifii  .s  Diliilioii  Hulio^  (.om[muii(l 

CharacleriHlirs  r|i«@2r>"('  HIiihIi  @ 20®(^,  % liydrogtMi 

by  Wri^lil  liiindiiig 

Seconds  Ibdativc  % Hrl. 


Slow  Evaporating — Relative  Evaporation  Rate  (0.8 

to 

90% 

Evap.^ 

Kate 
iiBiiOAc 
= 1.0 

Neat 

Compound 

Hgni 

N.C.' 

Solution 

Mum. 
80°  F’ 

Toluonr 

Aliphatic 

NoplilliH'*’ 

In  Water 
Water  In 

Solubility 

Pai'ametcr 

Fractional 

Polarity 

Index 

Chararteristie.s 

ETHYL  3-^ETHOXY  PROPIONATE 

CjHjOCOCjH^OCjHj 

3900 

0.12 

1.2 

— 

1.8 

0.6 

2.9 

2.9 

8.7 

0.094 

11.5 

Acceptor 

ETHYLENE  GLYCOL 

HOCjH^OH 

— 

<0.01 

17.4 

— 

— 

— 

Complete 

14.7 

0.476 

-13.2 

D-A 

2 ETHYL  HEXANOL 

C^H,CH(CjHs)CHjOH 

25730 

0.02 

7.7 

COSOLVENT  FOR  NITROCELLULOSE 

097 

2.6 

9.5 

0.045 

-18.7 

D-A 

2 ETHYL  HEXYL  ACETATE  (95%) 

CH3COOCH2CH(C2Hs)C,H, 

13750 

0.03 

1.4 

140 

94 

1.3 

0.9 

0j03 

0.55 

8.5 

0.020 

8.8 

Acceptor 

ETHYLENE  GLYCOL  MONOETHYL  ETHER 
ACETATE  (95%) 

CH3C00C,H40CjHs 

2706 

017 

1.2 

57 

91 

2.5 

0.9 

22.9 

6.5 

8.8 

0163 

— 

Acceptor 

ETHYLENE  GLYCOL  MONOETHYL  ETHER 
ACETATE  (99%) 

CH3COOC2H4OCJH5 

2533 

018 

1.2 

60 

— 

2.4 

0.9 

— — 

8.7 

0160 

101 

Acceptor 

ETHYLENE  GLYCOL  MONOBUTYL  ETHER 
ACETATE 

CH3COOC2H4OC4H, 

14310 

0.03 

1.7 

102 

96 

1.8 

1.2 

11 

1.6 

8.2 

0.060 

10.3 

Acceptor 

HEXYLENE  GLYCOL 

CH3CH(OH)CH2C(OH)(CHj)2 

— 

<0.01 

29.8 

— 

— 

— 

Complete 

9.7 

0.599 

-12.3 

Acceptor 

ISOBUTYL  ISOBUTYRATE 

(CH3)2CHCOOCH2CH(CHj)2 

965 

0.47 

0.83 

87 

— 

1.3 

0.8 

<01 

<0.2 

7.7 

0.091 

8.0 

Acceptor 

ISOPHORONE 

C0CH:C(CH3)CH2C(CH3)2CH2 

20000 

0.02 

2.3 

97 

97 

6.2 

1.2 

4.3 

91 

0.521 

14.9 

Acceptor 

METHYL  n-AMYL  KETONE 

CH3COC5HIJ 

1376 

0.33 

0.77 

42 

93 

3.9 

1.2 

0.43 

1.5 

8.5 

0.236 

9.0 

Acceptor 

DIETHYLENE  GLYCOL  MONOMETHYL 
ETHER 

CH30(C2H40)2H 

26260 

0.02 

3.8 

122 

57® 

2.3 

Imm. 

Complete 

10.2 

0108 

0.0 

D-A 

METHYL  ISOAMYL  KETONE 

CH3COC2H4CH(CHj)2 

1016 

0.45 

0.73 

40 

89 

3.8 

11 

0.55 

1.4 

8.3 

0.240 

10.9 

Acceptor 

METHYL  ISOBUTYL  CARBINOL 

CH3CH(0H)CH2CH(CH3)2 

1711 

0.27 

3.8 

COSOLVENT  FOR  NITROCELLULOSE 

1.64 

6.35 

10.0 

0.071 

-18.7 

D-A 

ETHYLENE  GLYCOL  MONOMETHYL  ETHER 

CH30C2H40H 

884 

0.52 

1.6 

50 

45® 

3.4 

0.2 

Complete 

10.8 

0.281 

0.0 

D-A 

N-METHYL-2-PYRROLIDONE 

CH2CH2N(CH5)C0CH2 

— 

<01 

1.7 

— 

— 

— 

Complete 

11.3 

0.727 

23.0 

D-A 

ETHYLENE  GLYCOL  MONOETHYL  ETHER 

C2H50C2H40H 

1213 

0.38 

1.9 

59 

67® 

4.9 

11 

Complete 

9.9 

0.216 

0.0 

D-A 

PROPYLENE  GLYCOL 

CHjCH(0H)CH20H 

— 

0.01 

43.0 

— 

— 

— 

— 

Complete 

12.6 

0.773 

-10.9 

D-A 

PROYLENE  GLYCOL  MONOMETHYL  ETHER 

CH30CH2CHCH30H 

600 

0.76 

1.7 

— 

— 

5.2 

0.9 

Complete 

10.2 

0.217 

0.0 

D-A 

PROPYLENE  GLYCOL  MONOMETHYL  ETHER  CHaOCHjCHjCHOOCCH, 
ACETATE 

1410 

0.32 

114 

60 

— 

2.5 

0.43 

18.5 

5.6 

9.2 

0153 

10.7 

Acceptor 

PROPYLENE  GLYCOL  MONO  TERTIARY 
BUTYL  ETHER 

(CH3)3C0CH2CHCH30H 

1830 

0.25 

3.3 

— 

2.3 

1.2 

14.5 

201 

81 

0128 

OjO 

D-A 

TRIETHYLENE  GLYCOL 

H0(C2H40)3H 

— 

<0.01 

38.2 

— 

— 

— 

— 

Complete 

11.0 

0.656 

0.0 

D-A 

WATER 

HOH 

1376 

0.33 

0.92 

“ 

_ 

— 

— — 

23.4 

0.835 

-30.0 

D-A 

(continued) 
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Hydrocarbon  Solvents 


Table  2.137:  (continued) 


HYDROCARBON  SOLVENTS  (Typical  Properties*) 


Ptease  Note:  Shell  Sol  71  has  changed  to 
Shell  Odorless  Mineral  Spirits  (OMS). 

Calculated 

Average 

Molecular 

Weight‘d 

Distillation  Range 

oc  op 

Flash 
Point  “F 
TCC“  or 
SFCC*^ 

Vapor 
Pressure 
mmHg 
@20  “C 

Aniline 
Cloud 
Pi.  °F 

Mixed 
Aniline 
Cloud 
Pt.  “F 

Kauri 

Butanol 

Value 

Average 
Pounds 
Per  Gallon  @ 
{VOC  Content) 

25°  C 60°  F^^ 

Average 

Specific  Gravity 
25/25°C  60/60°F“ 

Aliphatic  Hydrocarbons 

SHELL  SOL  B HT 

88 

61-77 

142-170 

— 

140.0 

152 

29 

5.53 

5,61 

0.666 

0.675 

SHELL  TOUJ-SOL*  A HT  SOLVENT 

100 

90-97 

194-206 

7 

47.8 

155 

— 

29 

5.71 

5.79 

0.688 

0.696 

SHELL  TOLL-SOL  W HT  SOLVENT 

100 

98-110 

209-230 

20 

41.4 

129 

— 

36 

6.17 

6.23 

0,741 

0.749 

SHELL  TOLL-SOL  3 SOLVENT 

100 

91-97 

195-207 

47.2 

150 

— 

30 

5.74 

5.82 

0.691 

0,699 

SHELL  TOLL-SOL  5 SOLVENT 

100 

91-98 

195-209 

10 

46.8 

146 

— 

30 

5.77 

5.85 

0.695 

0.703 

SHELL  TOLL-SOL  6 W SOLVENT 

100 

99-108 

211-227 

20 

40.7 

113 

— 

43 

6.23 

6.29 

0.748 

0.755 

SHELL  TOLL  SOL  10  SOLVENT 

99 

91-105 

196-221 

— 

45.8 

133 

— 

34 

5.87 

5.95 

0.706 

0.714 

SHELL  TOLL-SOL  19  EC  SOLVENT 

98 

91-104 

195-220 

14 

44.0 

116 

39 

6.00 

6.08 

0.722 

0.730 

SHELL  TOLL  SOL  25  SOLVENT 

96 

92-107 

198-225 

— 

42.7 

105 

42 

6.09 

6.17 

0.733 

0.741 

SHELL  RLBBER  SOLVENT 

90 

64-114 

147-238 

125.3 

135 

— 

34 

5.65 

5.79 

0.680 

0.689 

SHELL  VM&P  NAPHTHA  HT 

118 

119-139 

247-282 

55 

9.8 

142 

— 

35 

6.19 

6.27 

0.745 

0.753 

SHELL  VM&P  NAPHTHA  EC 

117 

121-134 

249-273 

57 

9.7 

128 

— 

38 

6.24 

6.31 

0.751 

0.758 

SHELL  MINERAL  SPIRITS  135 

138 

164-202 

327-395 

112 

1.1 

138 

37 

6.56 

6.63 

0.789 

0.796 

SHELL  MINERAL  SPIRITS  145  EC 

131 

162-201 

323-393 

113 

1.2 

145 

— 

35 

6.44 

6.52 

0.776 

OJSZ 

SHELL  MINERAL  SPIRITS  ISO  EC 

132 

162-200 

323-392 

109 

1.1 

151 

— 

33 

6.40 

6.47 

0.771 

0.778 

SHELL  MINERAL  SPIRITS  200  HT 

132 

162-206 

324-402 

111 

1.1 

154 

— 

32 

6.40 

6.47 

0.770 

0,777 

SHELL  SOL  340  HT 

143 

159-176 

319-349 

103 

1.4 

152 

— 

32 

6.37 

6.44 

0.766 

0,773 

SHELL  SOL  142  HT 

161 

190-207 

374-405 

145 

0.4 

159 

— 

30 

6.52 

6.58 

0.784 

0.791 

SHELL  SOL  71 

149 

179-204 

355-400 

125 

0.5 

184 

— 

26 

6.24 

6.32 

0.752 

0.759 

Aromatic  Hydrocarbons 

SHELL TOLUENE 

92 

110-111 

231-232 

43 

21.8 

50 

105 

7.16 

7.25 

0.862 

0.871 

SHELL  XYLENE 

106 

139-142 

283-287 

79 

6.1 

53 

95 

7.17 

7.25 

0.863 

0.871 

SHELL  CYCLO-SOL*  53  AROMATIC  SOLVENT 

120 

160-176 

320-349 

111 

1.6 

— 

56 

92 

7.19 

7.27 

0.866 

0.874 

SHELL  CYCLO-SOL  63  AROMATIC  SOLVENT 

134 

173-208 

343-407 

128 

0.5 

— 

57 

89 

7.35 

7.43 

0.884 

n.G02 

(continued) 
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Table  2.137;  (continued) 


Composition,  %v 


Aliphatic  Hydrocarbons 

SHELL  SOL  BHT 

SHELL  TOLU-SOL*  A HT  SOLVENT 
SHELL  TOLU-SOL  W HT  SOLVENT 
SHELL  TOLU-SOL  3 SOLVENT 
SHELL  TOLU-SOL  5 SOLVENT 
SHELL  TOLU-SOL  6 W SOLVENT 
SHELL  TOLU-SOL  10  SOLVENT 
SHELL  TOLU-SOL  19  EC  SOLVENT 
SHELL  TOLU-SOL  25  SOLVENT 
SHELL  RUBBER  SOLVENT 
SHELL  VM&P  NAPHTHA  HT 
SHELL  VM&P  NAPHTHA  EC 
SHELL  MINERAL  SPIRITS  135 
SHELL  MINERAL  SPIRITS  145  EC 
SHELL  MINERAL  SPIRITS  ISO  EC 
SHELL  MINERAL  SPIRITS  200  HT 
SHELL  SOL  340  HT 
SHELL  SOL  142  HT 
SHELL  SOL  71 

Aromatic  Hydrocarbons 

SHELL  TOLUENE 
SHELL  XYLENE 

SHELL  CYCLO-SOL*  53  AROMATIC  SOLVENT 
SHELL  CYCLO-SOL  63  AROMATIC  SOLVENT 

/VOTES 

*1)fpicul  prop0rtt9§  an  lo  bm  cunaitlered  at  npnaentulive 
of  curnnt  production  and  ahoulti  not  ba  tnalatl  uj  ipaci- 
flcationa,  Data  thown  ora  gub^t  to  minor  iiarialiont  in 
norma/  mantfacturing. 

/.  Dotorminod  on  pun  matoriai. 

1 ShoU  Thin  Flint  Evaporomotar,  25”C  and  0%  R.ll. 

X 8 jtnu.  R.S,  Vt*/YC.  fdrY///00  mia  lu/vant. 

I.  At  finai  conrenlrntion  of  S jfma.  H.S.  (dry)/l00 

m/j  combined  aolvent  and  diluent. 

5.  ’Iblu  Sol  17  or  timilar. 

& ShoU  Chmmital  Company  produeta  an  thown  in  bluo, 
SoUotod  phylcal  proportiat  of  all  other  proilucta  have 
been  obiairted  whenver  potaible  from  publiahed  Utera- 
tun  of  their  commercial  prwlucmrt. 


Evaporation 

Characteristics” 


Saturates 


Aromatics 


Seconds 

to 

90% 

Evap. 

Relative 
Rate 
nBuOAc 
= 1.0 

Neat 

Viscosity 

cps 

@25°C 

Paraffins 

Cycloparaffins 

Tol& 

EB“ 

C.& 

Higher 

(excluding 

EB) 

Benzene 

Total 

Solubility 

Parameter 

49 

9.4 

0.37 

94.7 

5.3 



_ 

0.002 

<0.01 

7.3 

96 

4.8 

0.43 

91.2 

8.8 

— 

— 

<0.001 

<0.01 

7.2 

121 

3.8 

0.54 

43 

57 

<0j01 

— 

<0.001 

<0.01 

7.6 

97 

4.7 

0.43 

88.4 

8.6 

3.0 

— - 

<0.001 

3.0 

7.3 

98 

4.7 

0.44 

“ 86.6 

8.4 

5.0 

— 

<0.001 

5.0 

7.3 

123 

3.7 

0.55 

26.1 

67.9 

6.0 

— 

<0.001 

6.0 

7.7 

101 

4.5 

0.45 

82.0 

8.0 

m 

<0.001 

10.0 

7.4 

107 

4.3 

0.46 

73.9 

7.1 

19.0 

— 

<0.001 

19.0 

7.5 

112 

4.1 

0.47 

68.4 

6.6 

25,0 

<0.001 

25.0 

7.6 

55 

8.3 

0.41 

84.6 

6.4 

9.0 

— 

<0.004 

8.0 

7.4 

305 

1.5 

0.68 

54.0 

46.0 

— 

— 

<0.003 

<0.1 

7.6 

316 

1.4 

0.68 

50.1 

42.8 

1.5 

5.5 

<0.003 

7.0 

7.7 

4660 

0.10 

1.10 

41.9 

43.1 

— 

15.0 

<0.0001 

15B 

7.6 

3250 

0.14 

1.02 

44.5 

48.4 

— 

7.1 

<0,0001 

7.1 

7.5 

3415 

0.13 

1.13 

46.5 

50.4 

— 

3.1 

<0.0001 

3.1 

7.5 

3420 

0.13 

1.12 

47.9 

52.0 

— 

<0.1 

<0.0001 

<0.1 

7.4 

1725 

0.27 

0.95 

46.0 

53.9 

— 

— 

<0.0001 

<0.1 

7.4 

9250 

<0,1 

1.44 

53.0 

47.0 

— 

<0.0001 

<0.2 

7.4 

5140 

<0.1 

1.50 

— 

— 

— 

<0.0001 

<0.1 

7.4 

226 

2.0 

0.62 

— 

— 

— 

— 

0.005 

99.97 

8.9 

628 

0.73 

0.87 

— 

— 

m 

80.5 

<0.0005 

99.5 

8.8 

2215 

0.21 

0.88 

— 

99.4 

<0.0001 

99.4 

8.8 

5000 

<0.1 

1.08 

— 

— 

97.5 

<0.0001 

97.5 

8.8 

7 % attar.  14.  Calculated  frotn  uvemffe  compoti- 

H.  Donor- Acceptor.  tional  ilata. 

9 (5.  Sail  to  glatt  below  thia  tamperutura. 

IOl  26°C.  lb.  doted  cup. 

11.  78^F.  17  15*C. 

12.  30*C.  18.  4(TC 

13.  Thg  open  cup. 


19  /Vitroca/iu/oia  blush. 

2U  fitathy-hfartena  closed  cup. 

2f.  Open  cup 

22.  Calculaterl  from  dtat illation 
data  uting  Shell  ''Evapo  rator” 

23.  Thg  doted  cup 


24.  Selaflath  clotetl  cup. 

25.  Calculated  from  A.Sl’31.  IF 
Dttroleum  Measurment 

26.  Thluene  and  Ethylbentene. 

27.  NUB  •Non  Hydrogen  Itonding 

28.  Wh  Ace  •Very  weak  acceptor. 


OO 
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Table  2.138:  Sunoco  Chemicals  Solvents  (12) 

Mineral  Spirits  - Toledo  Refinery 


Sales 

Test 

Tests 

Specs 

Typicals 

Method 

Conipositioii,  Vol.  % 

.SunGC-MS 

Paraffins 

48.0 

Olefins 

0.2 

NapUiencs 

34.4 

Aiomaiics 

17.4 

Benzene 

0.01 

Specific  Gravity 
60F/60F 

0.782  Min -0  799  Max 

0.791 

D89I 

GraviQ',  API 

47.4 

D287 

Distillation,  F 

D86 

IBP 

300  Min -330  Max 

320 

End  Point 

395  Max 

387 

Residue,  Vd.% 

1.5  Max 

1.0 

Color,  Sayfiolt 

25  Min 

30 

DI.56 

A{^)earanoe 
0,65  - 78F 

Clear 

Clear 

Visual 

Flash  Point,F 

105  Min 

110 

D56 

Kauri-Butanol  Value 

29.0  Min -42.0  Max 

39 

D1133 

Aniline  Point,  F 

120  Min 

126 

D6II 

Total  Sulfur,  Wl  ppm 

100  Max 

4 

D4045 

Capper  Corro^ 

lA 

D130 

Bromine  Number 

<1 

D1159 

Meets  ASTM  D235  lype  I Mineral  Spirits  (Stoddard  SoKcnt). 

Toluene  (Nitration)  - Toledo  Refinery 

Sales 

Test 

Tests 

Specs 

Typicals 

Method 

Composilion,  Vol.  % 

D2360  or  Equivalent 

Tohiene 

99.95 

Benzene 

0.03  Max 

0.0 1 

C8  Aromatics 

0.03 

Non- Aromatics 

0.3  Max 

0.02 

Specific  Gravity 
15.56ai5.56C 

0.869  Min -0.873  Max 

0.872 

D4052  or  Equivalent 

Distillaticn  Range,  C 
(including  110.6Q 

1.0  Max 

0.6 

D850  or  Equivalent 

Color.  Pl-Co  Scale 

20  Max 

5 

D1209 

Add  Wash  Ci)k)r 

2Max 

0 

D848 

Appearance 

@65-78F 

Clear 

Gear 

Visual 

Total  Sulfur.  Wl  ppm 

I.OMax 

0.5 

D4045 

Sulfur  C^ompounds 
(H2SandS02) 

None  Detected 

None  Detected 

D853 

Copper  (ixTOsion 

Pass  (lA  or  IB) 

Pass 

D849 

Addity 

None  Detected 

None  Detected 

D847 

Bromine  Index 

<1 

D1492 

Water,  Wl  ppm 

60 

D1744 

Meets  ASTM  D841  spedfkatioiis  for  Nitration  Grade  Tohieiie. 
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Table  2.138:  (continued) 


Benzene  - Toledo  Refinery 


Sales 

Test 

Tests 

Specs 

Typicals 

Method 

CompofiiUon,  Wl  % 

D4492  or  Equivalent 

Benzene 

99.95 

Toluene 

0.015 

Non-Aromatics 

0.15  Max 

0.035 

Specific  Gravity 
15.56C/I5.56C 

0.882  Min-a886Max 

0.883 

■ D4052  or  Equivalent 

Dislillalion  Range,  C 
(including  80.1  C) 

1.0  Max 

0.6 

D850  or  Equivalent 

Sirfidification  Point,  C 

5.35  Min 

5.49 

D852 

Color.  Pt-Co  Scale 

20  Max 

5 

DI209 

Add  Wash  C^dor 

IMax 

0 

D848 

Appearance 

(iJi65-78F 

Clear 

Clear 

Visual 

Total  Sulfur,  Wl.  ppm 

1.0  Max 

<0.1 

D4045 

Sulfur  Compounds 
(H2SandS02) 

None  Detected 

NoneDdocted 

D853 

Thiophene,  WLppm 

1.0  Max 

<1.0 

D1685 

Copper  C^birosion 

Pass  (1 A or  IB) 

Pass 

D849 

Acidity 

NoneDeteded 

NoneDeteded 

D847 

Meets  ASTM  D23S9  specifkatioiis  for  Refined  Benzene  - S35. 

Sun  docs  not  test  for  Thiophene.  Howei'er,  wt  can  conclude  that  chemically  if  sulfur  is  not  greater  than  0.4  ppm  on  a vreight  basis,  then  Thiophene 
cannot  be  greater  than  Ippm. 


CYCLOHEXANE  - MARCUS  HOOK,  PA 


Tests 

Sales 

Specs  Typical  • 

Test 

Method 

Composition 

D3054 

Cyclohexane,  Wt.  % 

99,9  Min 

Benzene,  Wl.  ppm 

20  Max 

Total  Aromatics,  Wt.  ppm 

150  Max 

Methylcyclopentane,  Wt  ppm 

200  Max 

Methylcyclohexane,  Wt  ppm 

200  Max 

Color,  Saybolt 

30  Min 

D156 

Total  Sulfur,  Wt  ppm 

1 Max 

D4045 

Total  Chlorides,  Wt  ppm 

1 Max 

UOP  395-90 

Non-Volatile  Matter,  mg/100  ml 

1 Max 

D1353 

Free  Water 

None 

Visual 

Meets  ASTM  D3055,  Cyclohexane  995  specifications. 
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Table  2.138:  (continued) 


CUMENE  - PHILADELPHIA,  PA 


Sales  Test 


Tests 

Specs 

Typical  ♦ 

Method 

Cumene,  Wt  % 

99.9 

Max 

99.95 

D3760 

Ethylbenzene,  Wt  ppm 

50 

Max 

<5 

D3760 

N-Propylbenzene,  Wt  ppm 

250 

Max 

166 

D3760 

Butylbenzene,  Wt  ppm 

200 

Max 

93 

D3760 

Benzene,  Wt  ppm 

20 

Max 

5 

D3760 

Diisopropylbenzene,  Wt  ppm 

15 

Max 

2 

D3760 

Toluene,  Wt  ppm 

5 

Max 

3 

D3760 

C8  - C9  Saturates,  Wt  ppm 

100 

Max 

52 

D3760 

Methylstyrene,  Wt  ppm 

Report 

60 

D3760 

Cumene  Hydroperoxide,  Wt  ppm 

100 

Max 

43 

D3703 

Phenols,  Wt  ppm 

5 

Max 

0.5 

H952 

Specific  Gravity,  60°/60°F 

0.864- 

0.867 

0.865 

D891 

Color,  Pt-Co  Scale 

15 

Max 

5 

D1209 

Acid  Wash  Color 

2 

Max 

1 

D848 

Toltal  Sulfur,  Wt  ppm 

0.1 

Max 

0.03 

D4045 

Bromine  Index 

75 

Max 

44 

D1492 

Appearance 

Clear 

Clear 

Visual 

Meets  ASTM  D4077  specmcations. 


XYLENE  - MARCUS  HOOK,  PA 


Tests 

Sales 

Specs 

Typical  * 

Test 

Method 

Composition,  Vot  % 

D2360  or  Equivalent 

Total  Chromatics 

99.8 

Paraxylene 

... 

23-26 

Metaxylene 

... 

51-57 

Orlhoxylene 

— 

12-15 

Ethylbenzene 

... 

2-14 

Benzene 

0.01  Max 

<0.005 

Toluene 

0.5  Max 

0.07 

C9+  Aromatics 

1.0  Max 

<0.2 

Non-Aromatics 

0.3  Max 

0.02 

Specific  Gravity, 

0.865  Min 

0.872 

D4052 

15.56C/15.56C 

0.875  Max 

Color  ( Pt-Co  Scale ) 

20  Max 

5 

D1209 

Distillation,  “ C 

D850  or  Equivalent 

Range(including  139.3°  C) 

5 Max 

2.0 

IBP 

137  Min 

139.0 

Dry  Point 

143  Max 

141.0 

Acid  Wash  Color 

2 Max 

0 

D848 

Acidity 

Pass 

Pass 

D847 

Total  Sulfur,  Wt  ppm 

1 Max 

<0.1 

D4045 

Sulfur  Compounds 

Pass 

Pass 

D853 

( HjS  and  SO^ ) 

Copper  Corrosion 

Pass 

Pass 

D849 

Bromine  Index 

8 Max 

1 

D1492 

Appearance,  @ 65-78  “F 

Clear 

Clear 

Visual 

Water,  Wt  ppm 

100 

D1744 

Non-volatile  Matter,  mg/100  ml  — <1  D1353 

Meets  ASTM  D843,  nitration  grade  specifications. 
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Table  2.139:^  3M  SCOTCH-GRIP  Solvents  No.  2 and  No.  3 (54) 


Typical 

Physical 

Properties 


Solvent  or  Blend 
Flash  Point 

Net  Weight  (Approx.) 
{IbsVgaL) 


Solvent  No.  2 
Petroleum  Distillate 
N-Hexane  and  Toluene 
-14°F.  (TCC) 

6.3-6.7 


Solvent  No.  3 
MEK 

(Methyl  Ethyl  Ketone) 
20°F.  (TCC) 

6.65-6.75 


Table  2.140:  Total  Petroleum  Special  Solvent  (52) 


HDF-201 


Prooertv 

Test  Method'’* 

Tvoical 

Reauirement 

Gravity,  ®API 

D-1298 

42 

40.0  Min/44.0Max 

Pounds  per  gallon  @ 60°F 

6.71  Min/6.87Max 

Visual 

Appearance  @ 70^F 

Clear  & Bright 

Haze 

D-4176 

1 Max. 

Color  Saybolt 

D-156 

+30 

+24  Minimum 

Flash  PM  ®F 

D-93 

206 

201  Min/211  Max. 

Viscosity,  104®F,  cst 

D-445 

2.0 

1 .6  Min/2.4  Max. 

Aniline  Point,  ®F. 

D-611 

Report 

Kauri-Butanol  Value 

D-1133 

Report 

Distillation,  ^F 

D-86 

Initial  Boiling  Point 

425 

405  Min/445Max 

50%  Recovered 

460 

435  Min/485  Max 

Final  Boiling  Point 

480 

450  Min/510Max 

Pour,  ®F 

D-97 

-10  Max 

Sulfur,  wt.% 

D-4294 

.005  Max 

Mutation  Assay 

Ames  Testp^ 

Pass  (negative) 

Ultraviolet  absorbance 

21 CFR  178.3620(c) 

Pass 

U.S.  Dept,  of  Agriculture  Authorization 

Pass 

(1)  ASTM  Standard  Test  Methods 

(2)  Modified  Salmonella/Microsome 
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Table  2.140:  (continued) 


HDF  300 


Propertv 

Test  Method(i) 

Typical 

Requirement 

Gravity,  API 

D-1298 

40 

37.0  Min/41.0  Max 

Pounds  per  gallon  @ 60F 

6.83  Min/6.992  Max 

Visual 

Appearance  @ 70F 

Clear  & Bright 

Haze 

D-4176 

1 Max 

Color  Saybolt 

D-156 

28 

+20  Minimum 

Flash  COC  F 

D-92 

275 

265  Minimum 

Viscosity,  SUS  @ 104F 

D-2161 

41 

37  Min/44  Max 

Aniline  Point,  F. 

D-611 

189 

Kauri-Butanol  Value 

D-1133 

23 

Distillation,  F 

D-86 

Initial  Boiling  Point 

530 

480  Min/550  Max 

50%  Recovered 

560 

540  Min/580  Max 

Final  Boiling  Point 

605 

580  Min/630  Max 

Benzene 

GC 

N.D.(2) 

Mutation  Assay 

Ames  Test(3) 

Pass  (negative) 

Ultraviolet  absorbance 

21CFR  178.3620(c) 

Pass 

U.S.  Dept,  of  Agriculture  Authorization 

Acceptable 

(1)  ASTM  Standard  Test  Methods 

(2)  Non-detectable  with  detection  limit  of  0.5  ppmw 

(3)  Modified  Salmonella/Microsome 


HEXENES 


Property 

Test  Method^^^ 

Requirement 

Gravity,  API 

D-1298 

70  Min/80  Max 

Olefin  Content,  Vol.  % 

D-1319 

85  Minimum 

Cg  Hydrocarbons,  Wt.  % 

D-5134‘"^ 

97  Minimum 

Total  Sulfur,  ppmw 

D-4045 

20  Maximum 

Total  Chlorides 

UOP  395-79 

5 Maximum 

Uniroyal  Naugard  (TM)  BHT,  ptb 

- 

10 

This  product  contains  no  other  gasoline  components  or  gasoline  additives. 

(1)  ASTM  Standard  Test  Methods,  unless  otherwise  specified. 

(2)  Modified  for  carbon  number  separation  of  oiefinic  material. 
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Table  2.140:  (continued) 


P-P,MI)^  (Refinery  Grade) 


PjToperty 

Test  Method^^^ 

Tvoical 

Reauirement 

Vapor  Pressure  @ 100®F.,  psig 

D-2598 

206 

213  Maximum 

Volatile  Residue: 

Evaporated  Temperature,  95% 

D-1837 

-40 

-37  Maximum 

or 

Butane  and  Heavier  Percent 

D-2163 

H 

1 

O 

. 0 2.0  Maximum 

Residual  Matter: 

Residue  on  Evaporation  of  100  ml 

D-2158 

<.05 

0.05  Maximum 

Oil  Stain  Observation 

D“2158 

Pass 

Pass 

Total  Sulfur,  ppmw 

D-4045 

0-2 

10  Maximum 

Hydrogen  Sulfide 

D-2420 

Pass 

Pass 

Corrosion  Copper  strip 

D-1838 

1 

No.  1 Maximum 

Moisture  Content 

D-2713 

Pass 

Pass 

Composition  (Mole  Percent) : 
Propylene 

D-2163 

80 

70  Minimum 

Propane 

19 

30  Maximum 

Ethane  and  lighter 

.1 

1.0  Maximum 

(1)  ASTM  Standard  Test  Methods 


220  FLASH  SOLVENT 


Prooertv 

Test  Method(”*) 

Tvoica! 

Reauirement 

Gravity,  ’API 

D-1298 

41 

40,0  Min/44.0  Max 

Pounds  per  gallon  @ SOT 

6.71  Min/6.87  Max 

Visual 

Appearance  @ 70®F 

Clear  & Bright 

Haze 

D-4176 

1 Max 

Color  Saybolt 

D-156 

+30 

+20  Minimum 

Flash  COC  T 

D-92 

230 

220  Minimum 

Flash  PM  “F 

D-93 

214 

210  Minimum 

Viscosity,  104®F,  cst 

D-445 

2.7 

1.6  Min/2.8  Max 

Aniline  Point,  “F. 

D-611 

174 

Kauri-Butanol  Value 

D-1133 

28 

Distillation.  ®F 

D-86 

Initial  Boiling  Point 

460 

450  Min/490  Max 

50%  Recovered 

490 

465  Min/515  Max 

95%  Recovered 

515 

470  Min/520  Max 

Final  Bolling  Point 

530 

500  Min/560  Max 

Benzene 

GC 

N.D.(2) 

Mutation  Assay 

Ames  Test(3) 

Pass  (negative) 

Ultraviolet  absorbance 

21CFR  178.3620(c) 

Pass 

U.S.  Dept,  of  Agriculture  Authorization  Acceptable 

(1)  ASTM  Standard  Test  Methods 

(2)  Non-detectable  with  detection  limit  of  0.5  ppmw 

(3)  Modified  Salmoneila/Microsome 


Table  2.141:  UCAR  Solvents  (19) 

Typical  Physical  Properties  of  UCAR  Solvents 


Solvent 

Molecular 

Weight 

Density  at 
20 'C.  Ib/gal 

Boiling 
Point,  'C 

Relative 

Evaporation  Rate 
|BuAc=^100| 

Vapor  Pressure 
at20C. 
mm  Hg 

Heat  of 

Vaporization  ai 
760  mm  Hg,  BTU/lb 

Flash  Point. 
Closed  Cup. 
*F 

Total 

Solubility 

Parameters 

Heat  of  Combustion 
at25'C. 
Kcal/Mole 

Viscosity 
at20'C.  cP 

Ethanol 

46.07 

6.76 

78.3 

333 

45 

361 

58 

12,78 

- 326.85 

1.2 

1-PropanoJ 

60.10 

6.71 

97.2 

133 

15 

297 

74 

12.18 

-482.75 

2.2 

Isopropanol 

60.10 

6.55 

82.3 

288 

33 

295 

53 

11.44 

479.44 

2.4 

s 

Butanol 

74.12 

6.75 

117.7 

44 

4 

254 

95 

11.60 

~ 639.60 

3.0 

Isobutanol 

74.12 

6.68 

107.9 

74 

7 

248 

82 

11.24 

637.93 

4.0 

1-Pentanol 

88.15 

6.79 

137.8 

18 

2 

218 

119 

10.83 

795.10 

3.9 

2-Ethylhexanol 

130.23 

6.94 

184.6 

<1 

<1 

153 

162 

10,15 

-693.37 

10.3 

Ethyl  Acetate 

88.11 

7.51 

77.2 

747 

76 

155 

30 

8.91 

537.50 

0.5 

n-Propyl  Acetate 

102.13 

7.39 

101.5 

279 

26 

144 

58 

8.80 

693.37 

0.6 

Isopropyl  Acetate 

102.13 

7.26 

88.9 

501 

47 

142 

42 

8.58 

691. lO 

0.5 

ss 

Butyl  Acetate 

116.16 

7.34 

126.2 

100 

15 

135 

84 

8.69 

828.60 

0.7 

is 

Isobutyl  Acetate 

116.16 

7.24 

118.0 

172 

4 

131 

62 

8.43 

- 

0.7 

Primary  Amyl  Acetate 

130.19 

7.29 

146.0 

49 

2 

211 

101 

8.34 

- 1058.00 

0.9 

Methyl  PROPASOL®  Acetate 

■ 132.16 

8.09 

145.7 

34 

3 

_ 

116 

8.43 

1.2 

Butyl  CELLOSOLVE®  Acetate 

160.21 

7.84 

192.3 

3 

<1 

118 

165 

8.91 

1122.38 

1.8 

UCAR®  Ester  EEP 

146.19 

7.91 

169.7 

11 

<1 

- 

136 

9.00 

- 

1.3 

Butyl  CELLOSOLVE®  Solvent 

118.18 

7.51 

171.2 

6 

<1 

158 

150 

9,87 

-914.25 

6.4 

1 

Methyl  CARBITOL®  Solvent 

120.16 

8.51 

194.0 

<1 

<1 

170 

188 

11.15 

I 

3.9 

1 

CARBfTOL®  Solvent 

134.18 

8.25 

202.7 

<1 

<1 

151 

182 

10.34 

878.84 

4.5 

Butyl  CARBfTOL*  Solvent 

162.23 

7.96 

230.6 

<1 

<1 

132 

214 

9.79 

1190.58 

6.5 

Acetone 

58.08 

6.59 

56.3 

1440 

185 

219 

0 

9.G2 

42777 

0.3 

Methyl  Ethyl  Ketone 

72.11 

6.71 

79.6 

631 

71 

187 

24 

9,45 

582  80 

0.4 

8 

Methyl  Isobutyl  Ketone 

100.16 

6.67 

116.1 

162 

15 

147 

61 

858 

735.60 

06 

1 

Methyl  n-Amyl  Ketone 

114.19 

6.81 

151.5 

40 

2 

148 

102 

8.98 

985.19 

08 

DIacetone  Alcohol 

116.16 

7.82 

169.2 

12 

<1 

154 

117 

9. 78 

84  7 40 

3.2 

isophorone  » 

138.21 

7.67 

215.3 

2 

<1 

135 

179 

9,ii; 

1234  35 

2.6 

Olisobutyl  Ketone 

142.24 

6.72 

169.4 

17 

I 

119 

118 

8.1)8 

1359  20 

10 

(continued) 
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Table  2.141: 


(continued) 

UCAR  Solvents  for  Electrostatic  Coatings*  Resistivity  (Megohms) 


Alcohols 

Esters 

Ethanol  {200  proof) 

0.03 

Butyl  CELL0S0LVE“  Acetate 

3.00 

Primary  Amyl  Alcohol 

0.10 

Butyl  Acetate 

3.50 

1-Propanol 

0.18 

Isobutyl  Acetate 

5.00 

Butanol 

0.18 

Isopropyl  Acetate 

7.00 

Isobutanol 

0.18 

n-Propyl  Acetate 

10.00 

Isopropanol  (anhydrous) 

0.35 

Ethyl  Acetate 

18.00 

2-Ethylhexanol 

8.00 

Primary  Amy!  Acetate 

>20.00 

Glycol  Ethers 

Ketones 

CARBITOL*^  Solvent  (low  gravity) 

0.03 

Acetone 

0.04 

Methyl  CARBiTOL"'  Solvent 

0.03 

Diacetone  Alcohol 

0.06 

Butyl  CELLOSOLVE"  Solvent 

0.06 

Isophorone 

0.08 

Butyl  CARBITOL'’  Solvent 

0.13 

Methyl  Ethyl  Ketone 

0.13 

Methyl  Isobutyl  Ketone 

0.45 

Methyl  n-Amy!  Ketone 

075 

Diisobutyl  Ketone 

I.50 

Surface  Tension  Reduction  of  a Higher  Solids  Acrylic  Resin  (19) 


(continued) 
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Table  2.141;  (continued) 


Surface  Tension  of  UCAR  Solvents  (19) 


Surface  Tension. 


Solvent 

dynes/ om 

Diisobutyl  Ketone 

22.2 

Methyl  Isobutyl  Ketone 

23.6 

oo 

(U 

Methyl  Ethyl  Ketone 

24.6 

s 

Methyl  n-Amyl  Ketone 

26.1 

Diacetone  Alcohol 

31.0 

Isophorone 

32.0 

Isopropyl  Acetate 

22.3 

Isobutyl  Acetate 

23.6 

CO 

Ethyl  Acetate 

23.7 

09 

Xo 

n-Propy)  Acetate 

24.3 

UJ 

Primary  Amyl  Acetate 

25.2 

Butyl  Acetate 

25.4 

Butyl  CELLOSOLVE®  Acetate 

27.4 

Butyl  CELLOSOLVE®  Solvent 

28.6 

O a- 
C9  09 

^ xs 

Butyl  CARBITOL®  Solvent 

31.0 

C9  UJ 

Methyl  CARBITOL®  Solvent 

35.9 

Influence  of  Letdown  Solvents^  (19) 


Solvent 

Coating  Surface  Tension, 
dynes/cm 

Solvent  Surface  Tension, 
dynes/cm 

Diisobutyl  Ketone 

39.0 

22.5 

Diacetone  Alcohol 

44.0 

31.0 

Isopropanol 

46.5 

21.4 

Ethylene  Glycol 

55.5 

48.4 

Industrial  Higher-Solids  Ckjatings,  Present  and  Future,  A.  Heitkamp,  et  al, 
High  Solids  Coatings,  December  1980. 


Table  2.142:  Unocal  Aliphatic  and  Aromatic  Hydrocarbons  (13) 


Aliphatic  Hydrocarbons 


Rubber  Solvent 

Textile*  Spirits 
Hexane 
Heptane 
Lactol*  Spirits 
Roto  Solv 

Spedol  Naphtholite*  66/3  (VM&P) 
Naphthol  Spirits  66/3* 

Regular  Mineral  Spirits 
Mineral  Spirits  75* 

Mineral  Spirits  66/3* 

1-K  Kerosine 
Odorless  Mineral  Spirits 
460  Solvent 
142  Solvent  66/3  j 
Mineral  Spirits  150  66/3  i 

® Registered  Trademari<  of  Unocal 
* Meets  Dry  Cleaning  Fluid  Spedfcation  PD660.  Type  I 
t Meets  Dry  Cleaning  Fluid  Specification  PD6flO,  Type  II 


Aromatic  Hydrocarbons 


OwmlcsIAbasd 
Ssntcc  Humber 


Toluene 

Xylene 

Super  Hi-Flosh  Naphtho 
Solve 


1 Gravity  OTF  (15.56*0  { 

Distillation  Range,  *F(*0 



1 % Hydrocaibofl  Composition 

CtemicalAbslncl 
Servia  Humber 

API 

SpecHic 

Ib/^l 

IBP 

DP 

Vapor  Prmwrt 
mmHg 

Coatltdoal 

ofEipaMion 

(Per*C) 

RtlaUve  Fvip.  Rale 
nBuAc-1 

AHlllMCleadR., 

*F(X) 

Kaeri-Bulaael 

Valet 

Flam  Palirt. 
ICC.  *F 

Aromatics 

ParsffiM 

CycloparaKliu 

64742-89-8 

71.8 

0.696 

5.79 

1 18  (47  8) 

275(135,0) 

180 

0.0013 

6.1 

141  (60.6) 

34 

<0 

4 

75 

21 

64741  84-0 

77.6 

0.677 

5.63 

149  (65.0) 

183  (79.0) 

115 

0.0013 

8.8 

147  (63.9) 

29 

<0 

<1 

89 

11 

110  54  3 

77.8 

0.676 

5.63 

151  (66.1) 

158  (70.0) 

1 140 

0.0015 

8.1 

151  (66.1) 

30 

<0 

Nil 

89 

11 

142-82-5 

71.9 

0.696 

5.79 

199  (93) 

210(98.9) 

45 

0.0011 

4,5 

155(68.3) 

30 

15 

m 

89 

11 

64742-89-8 

57.9 

0.747 

6.22 

202  (94,4) 

222  (105.6) 

40 

0.0011 

3.9 

109(42.8) 

42 

20 

12 

42 

46 

8032-32-4 

61.8 

0.732 

6.09 

241  (116.1) 

249(120.6) 

17 

0.0011 

1.7 

145  (62.8) 

34 

45 

5 

60 

35 

8032-32-4 

54.9 

0.759 

6.32 

265(126.7) 

291  (143.9) 

5.2 

O.OOll 

1.0 

143(61.7) 

35 

65 

<I 

42 

57 

8052-41-3 

50.9 

0.776 

6.46 

318(158.9) 

355  (179.4) 

2.9 

0.0006 

0.21 

152  (66,7) 

33 

105 

<1 

44 

55 

8052-41-3 

48.1 

0.788 

6.56 

315(157.2) 

385(196.1) 

3.1 

0.0009 

0.12 

133(56.1) 

37 

108 

16 

46 

38 

8052-41  3 

49.0 

0.784 

6.53 

315(157.2) 

395  (201.7) 

3.0 

0.0009 

0.13 

148(64.4) 

34 

107 

<8 

48 

44 

8052-41-3 

50.4 

0.778 

6.48 

321  (160.6) 

382(194.4) 

2.6 

0.0009 

0.13 

155(68.3) 

33 

108 

<1 

47 

52 

8008-20-6 

41.2 

0.819 

6.82 

345(173.9) 

525  (273.9) 

1.8 

O.OOlO 

0.01 

144  (62,2) 

34 

145 

16 

41 

41 

8052-41-3 

54.3 

0.762 

6.34 

358(181.0) 

407  (208.0) 

1.2 

0.0011 

0.17 

188  (87.0) 

26 

125 

m 

99-^ 

Nil 

- 

43.8 

0.807 

6.72 

372  (188.9) 

503  (261.7) 

<1 

0.0009 

0.02 

153  (67.2) 

33 

140 

6 

56 

36 

8052-41-3 

46.7 

0.794 

6.61 

378(192.2) 

401  (205,0) 

<1 

0.0009 

0.06 

162  (72.2) 

31 

145 

<1 

45 

54 

8052-41-3 

46.4 

0.795 

6.62 

384(195.6) 

408  (208.9) 

<1 

0.0009 

0,07 

161  (71.7) 

32 

154 

1 

44 

55 

Gravity  HrF(15.56*C) 

Distillation  Range,  *F  (*C) 

API 

Specific 

Ib/gal 

BP 

DP 

30.8 

0.872 

7.26 

230(110.3) 

231  (110.8) 

30.9 

0.871 

7.25 

280(137.7) 

285  (140.7) 

30.6 

0.873 

7.27 

315(157.2) 

347  (175.0) 

26.2 

0.897 

7.47 

363(183.9) 

413(211.7) 

Mineral  Spirits  (Stoddard  Solvent)  type 
per  ASTW  D 235-96 

Product  Nome  ASTM  Type 

Nrqihthol  Spirits  66/3  IV  C 

Regular  Mlneial  Spirits  I A 

Mineral  Spirits  75  I B 

Mineral  ^ririts  66/3  I C 

Odorless  Mineral  ^ilrits  111  C 

142  Solvent  66/3  II  C 

Mineral  Spirits  ISO  66/3  II  C 


Vapor  Pressure 
«20*C 
mmHg 

orfEipaiBlea 

(Pw*C) 

ReMivi  Evap.  flrie 
aMc*1 

AaWatCloedPI.. 

frc) 

23.8 

O.OOll 

1.90 

48  (8.9) 

6,6 

0.0010 

0.80 

50(10.0) 

2.7 

0.0006 

0.37 

56(13.3) 

<1 

0.0006 

0.13 

60(15.6) 

The  following  products  meet,  ot  a minimum,  the  UV  requirements  of 
FDA  regulation  (21  CFR); 

Hexane  17S.105 

Heptane  172.862,  17S.105,  178.3530 

Special  Nophthrdite  66/3  (VM&P)  172.862,  175.105,  176.3530 
Naphthol  Sfrirtts  66/3  175.105,  176.3620,  178.3910 
Mineral  SpUtS  66/33  172.682,  172.884,  175.105,  178.3910 
Odorless  Mineral  Spirits  172.882,  175.105,  178.3650,  178.3910 
142  Solvent  66/3  175.105,178.3620,178.3910 
Mineral  Spirits  150  66/3  175.105,  178.3620,  178.3910 

% HydrocartMii  Composltiofi 

dPI..  ItamFMMQl  Pirainw  Cydoparaltin 


105 

45 

100 

Nil 

98 

81 

100 

m 

91 

112 

100 

m 

94 

149 

100 

m 

(continued) 
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Table  2.142:  (continued) 


MINERAL  SEAL  OIL 


PRODUCT  DESCRIPTION 

Unocal  Hydrocarbon  Sales  Mineral  Seal  Oil  is  a highly  refined, 
hydrotreated  paraffinic  light  oil  that  is  water-white  in  appearance. 
Properties  include  a very  low  odor,  low  aromatic  content  and  low 
pour  point.  This  product  meets  21CFR178 . 3620  (c)  . 


Typical  *ASTM 
Specilications  Properties  Test 


PRODUCT  CODE 

API  GRAVITY  (60/60  F) 

DEGF 

2540 

35.7 

D-287 

DISTILLATION,  IBP 

DEGF 

493 

D-86 

DISTILLATION,  50% 

DEGF 

516 

D-86 

DISTILLATION, END  POINT 

DEGF 

563 

D-86 

SPECIFIC  GRAVITY  (60/60  F) 

0.830-0.860 

0.845 

D-1298 

DENSITY  @ 60  F (15.6  C) 

LB /GAL 

6.93-7.18 

7.05 

CALC'D 

VISCOSITY,  4.0C 

cst 

3. 0-4.0 

3,40 

D445/216 

VISCOSITY,  lOOC 

cst 

1.31 

D445/216 

VISCOSITY,  lOOF 

SUS 

36-40 

37.8 

D445/216 

ANILINE  POINT 

DEGF 

170 

D-611 

FLASH  POINT  (COC) 

DEGF 

248  MIN 

259 

D-92 

COLOR,  SAYBOLT 

SAYBOLT 

+20  MIN 

30 

D-156 

AROMATIC  CONTENT 

WT% 

c3 

GC 

SULFUR  CONTENT 

PPM 

cl 

D-4084 

CLOUD  POINT 

DEGF 

-4  MAX 

-22 

D-2500 

APPEARANCE  @ 70  DEGF 
POUR  POINT 

DEGF 

Clear  & Bright 
-6  MAX 

C & B 
-27 

D-97 

RETARDSOL 

PRODUCT  DESCRIPTION 

Unocal  Hydrocarbon  Sales  Retardsol  is  a water- white  keros ine  that 
meets  ASTM  2-K  specifications.  Kerosine  consists  primarily  of 
C10-C16  aliphatic  and  aromatic  hydrocarbons  and  is  widely  used  as 
heating  oil  and  diesel  fuel.  Because  of  its  high  solvency  and  high 
flash  point  Unocal  Hydrocarbon  Sales  Retardsol  finds  many  commercial 
applications  in  general  cleaning  solvents  and  in  agricultural  sprays. 
Specifications  and  typical  properties  are  listed  below. 


Typical  * ASTM 
Specifications  Properties  Test 


MANUF.^tCTURER 
PRODUCT  CODE 
API  GRAVITY  (60/60  F) 

DISTILLATION,  IBP  DEGF 

DISTILLATION,  10%  DEGF 

DISTILLATION,  50%  DEGF 

DISTILLATION,  DP  DEGF 

SPECIFIC  GRAVITY  (60/60  F) 

DENSITY  @ 60  F (15.6  C)  LB/GAL 

VAPOR  PRESSURE  ® 20  C mm  He 

VISCOSITY  ® 20  C cst 

KAURI -BUTANOL  VALUE  (KB) 

ANILINE  POINT  DEGF 

FLASK  POINT  (TCC)  DEGF 

COLOR,  SAYBOLT 
DOCTOR  TEST 

CORROSION,  3 HRS  @ 212  F 
PARAFFINS  VOL% 

CYCLOPARAFFINS  VOL% 

AROMATIC  CONTENT  VOL% 

BENZENE  CONTENT  VOL% 

OLEFINS  VOL% 

SULFUR  CONTENT  WT% 

REFRACTIVE  INDEX  @ 20  C 
SOLUBILITY  PARAMETER 


LEMONT  REFINRY 
2019 


39-51 

40,7 

D-287 

320 

D-86 

347-400 

390 

D-86 

450  MAX 

430 

D-86 

550  MAX 

510 

D-86 

0.8215 

D-1298 

6.84 

0.1 

CALC'D 

2.117 

D-445 

34 

D-1133 

141 

D-611 

110  MIN 

123 

D-56 

+ 22  MIN 

27 

D-156 

NEGATIVE 

D-235 

lA 

D-130 

42 

GC-MS 

38 

gc-ms 

20  MAX 

19 

GC 

0.01 

D-2600 

0.5 

D-1159 

0.20  MAX 

0.03 

D-4084 

1.4952 

7.9 

D-1218 

(cal/cc) 1/2 
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Table  2.143;  Vista  LPA  Solvents  (40) 


IVpical  Properties  of  Vista  LPA  Solvents 


Typical  Properlies 

Vista 

LPA 

Vista 

LFA-HO* 

Vista 
LPA- 142 

Vista 

LPA-170 

Vista 
LPA -2 10 

Vista-47 

Distillation  Range, 

IBP 

362 

335 

368 

413 

465 

464 

10% 

388 

340 

372 

420 

474 

472 

20% 

392 

341 

373 

422 

475 

474 

50% 

412 

345 

377 

424 

479 

479 

90% 

460 

355 

386 

431 

495 

497 

95% 

476 

360 

389 

434 

506 

508 

EP 

516 

385 

405 

458 

539 

531 

Flash  Point, 

Tag  Closed  Cup,  °F 

148 

112 

146 

178 

— 

— 

Pensky  Martens,  ®F 

— 

— 

— 

— 

226 

228 

Freeze  Point,  °F 

-90 

<-103 

<-103 

-81 

-43 

0 

Pour  Point,  “F 

-95 

<-112 

<112 

-92 

-45 

0 

Specific  Gravity  OO^/OO^F 

.809 

.794 

.809 

.811 

.823 

.812 

Density,  Ibs/gal.  @ 60*F 

6.75 

6.63 

6.75 

6.77 

6.87 

6.78 

Average  Molecular  Weight 

167 

141 

152 

171 

194 

197 

Average  Composition 

% Paraffinic 

46 

25 

27 

58 

65 

72 

% Naphthenic 

54 

75 

73 

42 

35 

28 

% Aromatic 

0.2 

0.1 

0.2 

0.5 

0.6 

0.7 

Color,  Saybolt  Universal 

+30 

+30 

+30 

+30 

+20 

+20 

Relative  Evaporation  Rate 

0.02 

0.19 

0.09 

0.03 

0.004 

<0.004 

(n-Butyl  Aoetatc=l) 
Vapor  Pressure,  mm  Hg 

I00“F 

1.0 

2.0 

1.1 

0.37 

0.10 

O.IO** 

Viscosity,  cSt 

70“F 

2.2 

1.4 

1.8 

2.4 

3.8 

3.8 

100°F 

1.6 

1.1 

1.4 

1.8 

2.6 

2.6 

Aniline  Point,  ®F 

160 

137** 

142** 

160 

170 

180 

Kauri  Butanol  Value 

32 

36 

35 

32 

29 

27 

Solubility  parameters**, 

(Cal/cm’)°^ 

8.1 

8.0 

8.1 

8.1 

7.9 

7.8 

Bromine  Number 

<.2 

<.2 

<.2 

<.2 

<.2 

<.2 

Carbonyl,  as  C=0  ppm 

<10 

<10 

<10 

<10 

<!0 

<10 

Nitrogen,  ppm 

<1 

<1 

<1 

<1 

<1 

<1 

Sulfur,  ppm 

<1 

<1 

<1 

<I 

<l 

Water,  ppm 

<50 

<50 

<50 

<50 

<50 

Vista  MR  Solvent  (40) 


Description 

Vista  MR  Solvent  is  a highiy  refined  hydrocarbon  in  the  kerosene  boiling  range.  It  is  colorless,  has  a mild  odor, 
low  viscosity,  and  a typical  aromatics  content  of  15%.  MR  Solvent  has  an  extremely  low  sulfur  and  nitrogen 
content.  The  unique  process  used  to  produce  MR  Solvent  yields  low  levels  of  normal  paraffins.  Consequently,  MR 
Solvent  has  a higher  solvent  strength  and  lower  freeze  point  than  competitive  solvents  with  equivalent  boiling 
ranges. 


Distillation  Range,  ®F,  (ASTM  D-86) 

IBP 

370 

10% 

390 

20% 

400 

50% 

420 

90% 

475 

95% 

480 

EP 

510 

Flash  Point. 

Tag  Closed  Cup,  ®F 

148 

Pensky  Martens,  °F 

154 

Freeze  Point,  °F 

<-90 

Pour  Point,  °F 

<-95 

Specific  Gravity  60“/60°F 

0.817 

Density,  Ibs/gal.  <9  60®F 

6.82 

Average  Molecular  Weight 

170 

Average  Composition 

% Paraffinic 

45 

% Naphthenic 

40 

% Aromatic 

15 

Color,  Saybolt  Universal 

+30 

Relative  Evaporation  Rate 

(n-Butyl  Acetate=1) 

0.02* 

Vapor  Pressure,  mm  Hg 

100®F 

1.2 

Viscosity,  cSt 

70®F 

2.1 

100*F 

1.6 

Aniline  Point,  °F 

145 

Kauri  Butanol  Value 

33 

Solubility  parameter*(Cat/cm^) 

8.1 

Cetane  Number 

43 

Bromine  Number 

<0.2 

Carbonyl,  as  C==0  ppm 

<10 

Nitrogen,  ppm 

<1 

Sulfur,  ppm 

<1 

Water,  ppm 

<50 

‘Estimate  | 

(continued) 
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Table  2.143:  (continued) 


Vista  C14  Normal  Paraffin 


Description: 

Viita  C j 4 n-paraffin  is  a high  purity,  linear  saturated  paraffin.  It  is  a clear,  low  odor,  low  viscoehy  liquid. 


Specification 

Typical 

Total  n-paraf!in,  Wt% 
Hydrocarbon  Distribution  (Wt%) 

96.5 

96.5-98.0 

SCi3 

1 1 max 

6-10 

Cl4 

87  min 

87-90 

>Ci5 

2.5  max 

1-2 

Average  Molecular  Weight 

- 

197-201 

Aromatics,  Wt% 

1.5  max 

0.9 

Bromine  Number 

0.04  max 

0.025 

Color  Sayboh 

+20  min 

+25- +30 

Specific  Gravity,  1 5°  C/1 5®  C 

- 

0.768 

Density  at  60°  F,  Ib/gal 

6.40 

Flash  Point,  (PM)  °C/°F 

93/200  min 

109-114°  C/229-237°F 

Melting  Point,  °C/  °F 

4/40 

Viscosity  cSt  @ 40°  C/104°  F 
Distillation  Range,  °C/°F 

- 

2.1 

IBP 

- 

244/472 

EP 

— 

251/484 

Appearance 

- 

Clear  Liquid 

Vista  Cl 41 6 n-Paraffin  Solvent 


Description: 

Vista  C1416  n-paraffin  is  a high  purity,  linear  saturated  paraffin  blend  of  various  molecular  weights  in  the 
C13-C1 7 carbon  range.  It  is  a clear,  straw  colored,  low  odor,  low  viscosity  liquid. 


Properties 

Specification 

Typical 

'Ibtal  n-Paraffin,  wt.  % 

96.5 

97.0 

C13  and  Lower 

5.0  max 

1.0 

C14 

— 

26.5 

C13  + CI4 

— 

C15 

— 

53.5 

C16 

— 

14.0 

C17  + 

6.0  max 

5.0 

.■Average  molecular  weight 

211 

Aromatics,  wt,% 

1,5  max 

0.9 

Bromine  Number 

0.04  max 

0.025 

Color,  Saybolt 

- 16  min 

+ 10 

Sj)ccific  Gravity,  25®C 

0.775 

Flash  point,  ®F 

— 

250 

Melting  Range, 

_ 

8 

Viscosity  @ I00®F  cSt 

— 

2,7 

Distillation  range,  ®F 



— 

IBP 

— 

487 

50^ 



493 

95% 

— 

511 

EP 

— 

547 

Appearance 

— 

Clear 



Straw 

Liquid 

Halogenated  Hydrocarbons 


CHLORINATED  HYDROCARBONS 


Table  3.1:  Allyl  Chloride  (7) 


Table  3.2:  n-Amyl  Chloride  (7) 


3-Chloropropene-l  CH2=“CHCH2CI 


1 -Chloropentane  CH3CH2CH2CH2CH2CI 


PHYSICAL  PROPERTIES 


PHYSICAL  PROPERTIES 


Boiling  point 
Fire  point 
FUah  point 

Latent  heat  of  vaporization 
Specific  gravity  @ 25/25 *C 
Specific  heat 
Refractive  index  @25*C 
Viacoeity  @25*C 
Weight  per  gallon  @25*C 


4S*C 

4*C 

4*C 

84.  6 cal/g 
0.933 


0.  31  cal/g/ *C 
1.412 


0.  33  centipoiae 
7.  8 lb 


Acidity  as  HCl 

Amylene 

Boiling  range 

Oiatillation 

Flash  point 

Other  hydrocarbons 

Polychlorides  content 

Solubility  in  water 

Specific  gravity  (^20/20  *C 

Weight  per  gallon 


0.  025%  max. 

1%  max. 

105-109*C 

95%  between  104.9-108.9*0 

54  *F 

None 

None 

Insoluble 

0.885 

7.  38  lb 


Table  3.3:  Mixed  Amyl  Chlorides  (7) 


C5H11CI 


PHYSICAL  PROPERTIES 


Acidity  as  HCl 

0.  03%  max, 

Amylene  and  pentane  content 

3.  0%  max. 

Boiling  point  (approx.  ) 

1 -Chloropentane 

108. 2*C 

2-Chloropentane 

96.  7*C 

3 -Chloropentane 

97. 3*C 

1 -Chloro-2-methylbutane 

99.9*C 

4-Chloro-2-methylbutane 

98. 8*C 

3*Chloro-2-methylbutane 

93.0*C 

2-Chloro-2-methylbutane 

86.  0*C 

Distillation  range 

Evaporation  rate  @ 108*F:Minutes 
1.30 
1.67 
4.  30 
6.  58 


Flash  point  (O,  C.  ) 


95%  between  85-l09*C 


25% 

50% 

75% 

100% 

34*F 


Kauri -butanol  value 


71  cc 


Solubility  in  water 
Specific  gravity  @20*C 
Vapor  pressure  @20* 
Water  azeotrope  @77-82*C 
Weight  per  gallon 


Negligible 

0.88 

42.  8 mm 

90%  C5H11CI  (approx.  ) 
7.  33  lb 
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Table  3.4:  Benzyl  Chloride  (7) 


<v-Chlorotoluene 


C6H5-CH2-CI 


PHYSICAL  PROPERTIES 


Distillation  range 

F reexing  point 

Molecular  weight 

Refractive  index 

Specific  gravity  @15.  5*/l5.  5*C 

Weight  per  gallon  @ 15.  5 "C 


Not  more  than  2" 
including  179.  4*C 

-43"C 
126. 58 
1. 5365 
1.  107 
9.  23  lb 


Table  3.5:  n-Butyl  Chloride  (7) 


PHYSICAL  PROPERTIES 

n-BUTYL  CHLORIDE  FORMS  AZEOTROPES  WITH: 

Acidity 

0.  01%  max. 

% 

B.  P.  *C  of  Azeotrope 

Boiling  point  @760  mm 

78*C 

80 

Acetone 

55.  8 

Distillation  range 

Not  less  than  95% 

between  76.  0-79. 5*C 

1.9 

n-Butyl  alcohol 

77.  7 

Flash  point  (O.  C.  ) 

20  *F 

57 

n-  Butyl  nitrite 

76.  5 

Latent  heat  of  vaporization  @76.  5*C 

79.8  cal/g 

35 

Ethyl  acetate 

76.  0 

Melting  point 

-123.  1 *C 

20. 

Ethyl  alcohol 

65.  7 

Refractive  index  @20 *C 

1.4004 

4 

Isobutyl  alcohol 

77.  7 

Solubility  in  water 

Negligible 

62 

Isobutyl  nitrite 

66.2 

Specific  gravity  @20/4*C 

0.  884 

23 

Isopropyl  alcohol 

70.  8 

Specific  heat  @20*C 

0.  451  cal/g 

29 

Methyl  alcohol 

57.  0 

Surface  tension  @20*C 

23.66  dyncs/cm 

38 

Methyl  propionate 

76.  8 

Water  content 

None 

40 

Methyl  propyl  ketone 

77.  0 

Weight  per  gallon 

7.  37  lb 

16 

Nitromethane 

75.  0 

18 

n-Propyl  alcohol 

74.  8 

38 

n-Propyl  formate 

76.  1 

6.6 

Water 

68.  1 

Table  3.6:  sec-Butyi  Chloride  (7) 


FORMULA 

Cl 

CHj  -CH  -CHj  - CHj 

PROPERTIES 

98.0% 

GRAOE 

Compotition,  weight  percent 

wrondary-ButYl  Chloride 

99.5 

Butanet 

0.5 

Purity  by  freezing  point,  mol  % 

Freezing  point.  F 

Boiling  point.  F 

Oistiilation  range,  F 

Initial  boiling  point 

151 

10%  Condena^ 

50%  Condented 

154 

90%  Condennd 

Dry  point 

156 

PROPERTIES 

98.0% 

GRAOE 

Specific  gravity  of  liquid  at  60/60  F 

0.879 

at  20/4  C 

0.875 

API  oravitv  at  60  F 

29.5 

Density  of  liquid  at  60  F,  Ibs/gal 

7.32 

Refractive  index.  20/0 

1.396 

Color,  Saybolt 

Acidity,  distillation  residue 

Nonvolatile  matter,  grams/ 100  ml 

Color  Alpha 

10 

Flash  point,  approximate.  F 

< 80 

Flammability  limits,  volume  % in  air 

Lower 

Higher 

*Liter8turs  values. 
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Table  3.7:  Butyryl  Chloride  (27) 

Butanoyl  Chloride  C3H7COCI 

Butanoyl  chloride  is  a clear  colorless  liquid  with  a characteristic 
pungent  odor.  It  reacts  with  water  and  alcohol  and  is  infinitely 
soluble  in  ether.  It  is  used  for  organic  synthesis  to  introduce  the 
butyryl  group . 


PHYSICAL  PROPERTIES 


Molecular  Weight 

106.  5 

F reezing  Point 

-89"C 

Boiling  Point 

102"C 

Distillation  Range 

0 

o 

O 

o 

Refractive  Index  n20/D 

1. 4121 

Specific  Gravity,  15.5*/15.5*C 

1. 028 

Pounds  per  Gallon  at  15.  S^C 

8.  56 

Table  3.8:  Caprylyl  Chloride  (27) 

Octanoyl  Chloride  CH2(CH2)^COCI 


Caprylyl  chlaride  is  a water-white  to  straw-colored  liquid  with  a 
pungent  odor.  It  usually  contains  small  quantities  of  hexanoyl  and 
decanoyl  chlorides. 


PHYSICAL  PROPERTIES 


Molecular  Weight 
Chlorine  Content  (typical) 

Free2dng  Point 
Pour  Point 
Distillation  Range^^) 

Refractive  Index,  n20/D 
Flash  Point  (Cleveland  open  cup) 

Fire  Point  (Cleveland  open  cup) 

Specific  Gravity,  15,5*/15.5*C 
Pounds  per  Gallon  at  15.5*C 
Density  Correction  Factor,  gm/cc/l  *C 
Coefficient  of  Cubical  Expansion  at  15.5*c/l  *C 


162.7 

21,8% 

<“70*C 
<-70*C 
183*  to  212*C 
1.4357 
82  *C 
87*C 

0.955 
7,  96 
0.00085 
0.00096 


(1)  Typical  ASTM  distillation  to  90%.  Decomposition  occurs 
beyond  this  point. 


Table  3.9:  Carbon  Tetrachloride  (7) 


Tetrachloromethane 


CCI 


4 


PHYSICAL  PROPERTLES 


Acidity  as  HCI 
Boiling  point  @760  mm 
Boiling  range 

Coefficient  of  cubical  expansion 
Av./*C,  liquid 

Dielectric  constant,  1000  cycle 

Electrical  conductivity 

Fire  point 

Flash  point 

F reering  point 

Heat  of  fusion 

Heat  of  vaporization 

Power  factor,  1000  cycle 

Purity 

Refractive  index  @20  *C 
Residue 

Solubility  in  water  @20  *C 

Solubility  of  water  in  solvent 
•@20*C 

Specific  gravity  @25/4*C 
Specific  heat 

Liquid,  25“ 

76.  8*C 

Specific  resistivity 
Thermal  expansion  per  *C 
Vapor  density  (B.  P.  , 760  mm) 
Vapor  pressure  @30*C 
Viscosity  liquid  @20*C 
Weight  per  gallon  @25*C 


None 

76.  7*C  (170.  1 T) 

Within  1 *C 

0. 00127 

2.  24 

4x10  **  recip.  ohm 
Nonflammable 
Nonflammable 
-23*C 

4.  2 cal/kg 
46.  5 cal/g 
0.  057% 

99.  99%  min. 

1. 4607 

0.  00 1 07o  by  wt,  max. 

0.  08%  by  wt 

0.  008  % by  wt 

1.  5845 

0.  1995  cal/g/*C 
0. 2157  cal/g/ -C 

3.  8 x 10^^  ohms/c  m 

0.  127%  (of  liquid  @158*F) 

5.  37  g/hter 
140  mm 

0,  96  centipoise 
13.  22  lb 
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VAPOS  PRESStAC'INCHCS  Of  MCMCUiry 


Temperature' Vapor  Pressure  Curve 
tor  Cartx>n  Tetrachloride 


Cariwn  TetrecNoilde 

Water  Content  vs  Cloud  Pi. 


CARBON  TETRACHLORIDE  FORMS  AZEOTROPES  WITH: 


% 

B.  P.  "C  of  Aseotrop' 

88.  5 

Acetone 

56.  4 

Ac  etonitrile 

71 

3 

Acetic  acid 

76.  55 

21 

Ac  rylonitrile 

66.2 

11.5 

Allyl  alcohol 

72.  3 

71 

2-  Butanone 

73.  8 

4.  5 

tert-Amyl  alcohol 

76.  6 

2.  5 

Butyl  alcohol 

76.  6 

7.  6 

sec-Butyl  alcohol 

74.  6 

24 

tert-Butyl  alcohol 

70.  5 

35 

Butyl  nitrite 

74.  8 

21 

1 , 2>Dichloroethane 

75.  6 

43 

Ethyl  acetate 

74.  8 

1 5,  85 

Ethyl  alcohol 

61.  1 

15.  5 

Ethyl  nitrate 

75 

81.  5 

Formic  acid 

66.65 

5.  5 

Isobutyl  alcohol 

75.  8 

12 

Isopropyl  alcohol 

69 

20.  56 

Methanol 

55.  7 

25 

Methyl  propionate 

76 

17 

Nitromethane 

71.  3 

ll.  5 

Propyl  alcohol 

73.  1 

31 

Propyl  formate 

74.6 

4.  1 

Water 

66 

-20 
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Table  3.10:  Chlorinated  Butane  Derivatives  (73) 


Physical  Properties  of  Intermediates  and  Products 


Compound 

B.P., 
•C.  , corr. 

Press.  . 
mm. 

Density 

d«* 

Refractive 
Inde*.  N{* 

Chlorine 
T ound 

%* 

Calcd. 

1 -Chlorobutanc 

77.  5-78.  5 

745 

I.  3995 

1,  1 ‘Oichlorobutane 

114.8-115.  1 

752 

1.0797 

1.4305 

1 , 2>Oichlorobutane 

122.9-123.  3 

743 

1.1118 

1.  4425 

1,  3-Oichlorobutanc 

1 33.  0-1  33.2 

744 

1. 1083 

1.4414 

1, 4>Oichlorobutane 

154.  1-154.  2 

749 

1.  1324 

1.4522 

1,1,  1 -Trichlorobutane 

1 33.  1 -133.  3 

750 

1.2242 

1.4483 

65.  76 

65.  88 

1.1, 2-Trichlorobutane 

156.  3-156.  8 

746 

1.2787 

1. 4667 

65.95 

65.  88 

1,1,  3-Trichlorobutane 

153.  2-153.  8 

7 50 

1.2514 

1. 4593 

65.92 

65.88 

1.1, 4<Trichlorobutane 

183.  6-183.  8 

754 

1.2967 

1. 4753 

65.92 

65.  88 

1,1,1, 2.Tetrachlorobutane 

69.  1-69.4 

20.  0 

1.  3952 

1.4812 

72.63 

72.  39 

1,1,1,  3-Tetrachlorobutane 

69.  5-69.  8 

20.0 

1. 3747 

1.4772 

72.  18 

72.  39 

1,1,1, 4-Tetrachlorobutanc 

86.  8-87.  1 

20.0 

1. 4001 

1.4858 

72.  81 

72.  39 

1 , 1 *Oichloro>  1 ‘butene 

103.  3-103.  5 

747 

1. 4465 

56.21* 

56.  74 

a - Chlorobutyraldehyde 

106-108* 

740 

1. 441 

35.  38 

33.28 

n>Butyryl  chloride 

101-101.  5* 

745 

1.4098 

a-Chlorohutyryl  chloride 

51.  5-51. 7 

40.  0 

1.4410 

0-Chlorobutyryl  chloride 

53.  0-53.  3 

20.0 

1.4477 

y>Chlorobutyryl  chloride 

71.0-71.2 

20.0 

1. 4597 

Ethyl  O'chlorobutyrate 

64.2-64.4* 

20.0 

1.4202 

Ethyl  chlorobutyrats 

69.  9-70.  l» 

20.0 

1.4222 

n>Propyl  acetate 

101 -102 

745 

1. 3823 

1 -Chloropropyl  acetate 

48.  6-48.8 

20.  0 

1.4143 

2<Chloropropyl  acetate 

57.  1-57.6 

20.  0 

1.4205 

3>Chloropropyl  acetate 

58.  4-58.  8 

10.0 

1.4275 

n-Propyl  chloroacetate 

52.  6-52. 8 

10.  0 

1.4233 

‘ Chlorine  analysis  by  reaction  with  sodium  diphenyl  in  dimethyrCellosolve'*  [L.  M,  Liggett,  Anal.  Chem,  ,26,  748(1 9S4)J. 


* Av.  of  three  analyses  (S6.  17,  S6.  22  and  S6.  25%). 

* Uncorrected. 


Table  3.11:  Chlorinated  Hydrocarbons  (13) 


Carbon  Tetrachionde 

1.589* 

1 1322* 

170 

172 

6.00 

1 

90.0 

- 

- 

- 

0.080* 

0013* 

1 4598 

1,1,1 , Trichloroethane 

1.319* 

10.97* 

162 

190 

600 

100,0 

- 

_ 

- 

- 

- 

1 4350* 

Chloroform  Tech 

1.478* 

12.31* 

142 

11.60 

1600 

- 

- 

- 

0.800* 

0097 

1 4455 

Ethylene  Dichloride 

1 252* 

10.42* 

179 

106 

4,46 

61.6 

59CC 

- 

- 

0010 

0 150 

1.4427 

Methylene  Chloride 

1.320* 

10.98* 

103 

104 

14,50 

350.0 

- 

- 

- 

1.320* 

0 198* 

1 4210 

Monochlorobenzene 

1.105* 

9.19* 

267 

270 

1 07 

8.8 

105 

- 

- 

0.048 

Insoluble 

1 5215 

Orthodichlorobenzene 

1 303* 

10.84* 

355 

362 

0.15 

62.0* 

155 

- 

- 

0.014 

Insoluble 

1 5482 

Perchloroelhylene 

1.618* 

13.46* 

250 

254 

2.10 

14,0 

- 

- 

- 

0015* 

0010* 

1 5044 

Propylene  Dichloride 

1.159* 

9.64* 

204 

208 

3,22 

43.0 

63CC 

- 

- 

_ 

- 

1 4371* 

Trichlorobenzene 

1 454* 

12.10* 

418 

427 

0.06 

220* 

260 

~ 

_ 

- 

- 

1 5690* 

Trichloroethylene 

1.459* 

12.14* 

188 

190 

4.46 

59,0 

" 1 

leI 

- 

0 110* 

0.032* 

1.4780 

*Dstd  at 

C 

•Detd.  at 

C 

‘Dstd.  at 
lOn-C 

*Datd  at 
2S/70  C 

*Datd.  at 
25/20* C 

*Dstd  at 
25/20'C 

Table  3.12:  Chlorinated  Organic  Solvents  (69) 


Specific  Dist.  Range  Rash 

Gravity  “ Pt.  ”F 

20720*  C IBP  DP  TOC 


Carbon  Tetrachloride 
Chloroform 
Ethylene  Dichloride 
Methylene  Chloride 
Monochlorobcnzene 
Orthodichlorobenzene 
Perchlorethylene 
Trichlorethyiene  1 .455 

1,1,1  -Trichloroethane  1 .3 1 6 


169 

171 

Mone 

140 

143 

Mone 

181 

183 

70 

103 

105 

Mone 

268 

271 

84' 

355 

36  J 

170 

247 

251 

Mone 

187 

190 

Mone 

162 

190 

Hone 

1.584 

1.485 

1.255 

1.366 

1.113 

1.313 

1.627 


TCC 


Table  3.13:  CHLOROWAX  Liquid  Chlorinated  Paraffins,  Waxes,  and 


CHLOROWAX  Liquid 

SP.GR. 

STOKES 

POISE  ; 

SUS 

Grades 

@25"C 

@25°C 

@25°C 

210°F 

LV 

1.110-1.128 

5.4-9.0 

6.0-10.0 

50-100 

100 

1.113-1.131 

1. 8-2.6 

2.0-3.0 

50-60 

40 

1.16-1.185 

19-27 

22-32 

120-160 

41 SW 

1.60-1.175 

14-28 

16-33 

115-145 

42-170 

1 ' 

1.170-1.180 

28-37 

32-44 

150-185 

45-225 

1.210-1.23 

55-90 

66-111 

205-245 

45LV 

1,08-1.115 

.10-.20 

.11 -.22 

33 

S-45 

1.155-1.175 

1.3-1. 9 

1. 5-2.2 

45-52 

S-52 

1.255-1.267 

9-15 

11-20. 

63-80 

50 

1,22-1.24 

70-135 

85-168 

235-300 

50LV 

1.196-1.224 

.55-.90 

.66-1.1 

39-41 

51-225 

1.270-1.285 

95-150 

120-195 

200-240 

50-41 OHV 

1.266-1.272 

NA 

NA 

550-610 

57-60 

1.31-1.33 

12-20 

16-27 

55-70 

500C” 

ij 

1.345-1.375 

r 

12.-18 

17-25 

55-68 

60-70 

1.374-1.390 

26-40 

36-55 

65-80 

63-85 

1.40-1.42 

38-66 

53-94 

75-92 

70-200 

1,45-1  51 

NA 

NA 

180-230 

53-45 

1 28-1  31 

4-8 

5.5-12 

44-56 

60-350 

1.395-1.42 

NA 

NA 

300-350 

65 

1 445-1.465 

1 50-320 

220-470 

100-140 

CHLOROWAX  Alpha  Olefins,; 

I 

100  AO 

1.100-1.133 

i 

2.0-2.6 

2.2-29 

58-70 

45AO 

i; 

1.090-1.120 

.13-.20 

.14-.23 

NA 

500AO 

' 

1.345-1.370 

12.-24 

16-33 

64-78 

54-120AO 

1.285-1.325 

31-68 

40-90 

105-135 

52AO 

■ TT' 

1.240-1.270 

1. 4-2.7 

1. 7-3.4 

40-50 

51-225AO 

1.27-1.285 

95-150 

120-195 

200-250 

(continued) 
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Table  3.13:  (continued) 


Compatibility  of  Liquid  Chlorowax  with  Other  Materials 

Alkyd  Resins 

Phthalic-Drying  Oil  Modified  Solution 


Phthalic-Non-Drying  Oil  Modified  Sofutbn 

Resin  Modifi(jd  Solution 

Styrene  Modified  Solution 

Rosin  Modified  Solution 

Asphalt,  Petroleum  Hot  Melt 

Butyl  Oleate  Hot  Melt 

Carbowax  Hot  Melt 

Cellulose  Acetate  Hot  Melt 

Cellulose  Acetate  Butyrate  Solution 

Chlorinated  Rubber  Solution 

Coumarone-Indene  Resins  Solution 

Dibenzyl  Sebacate  Solution 

Dibutyl  Phthalate  Solution 

Dicapryl  Phthalate  Solution 

Di-iso-butyl  Adipate  Solution 

Dioctyl  Adipate  Solution 

Dioctyl  Phthalate  Solution 

Di-iso-octyl  Phthalate  Solution 

Diocytl  Sebacate  Solution 

Epoxy  Resins  Solution 

Maleic  Resins  Solution 

Methyl  Methacrylate  Solution 

Petroleum  Resins  Solution 

ParaplexG-60  Solution 

ParaplexG-62  Solution 

Phenolic  Resin,  Non-heat  Hardening  Solution 

Pliolite  Resins  Solution 

Polydichlorstyrene  Solution 

Polyester  Resins  Solution 

Polyethylene  Resins  Solution 

Polystyrene  Resins  Solution 

Polyvinyl  Chloride  Resins  Solution 

Rosin  Solution 

Rosin  Ester  Resins  Solution 

Rubber 

Natural  Solution 

Nitrile  Solution 

SBR  Solution 

Neoprene  Solution 

Butyl  Solution 

Santicizer  1 4 1 Solution 

SanticizerieO  Solution 

Terpene  Resins  Solution 

Tetrahydrofurfural  Oleate  Solution 

Tnaryl  Phosphate  Solution 

T ricresyl  Phosphate  Solution 

Triphenyl  Phosphate  Solution 

Urea  Formaldehyde  Resins  Solution 

W3X6S 

Mineral  Hot  Melt 

Natural  Hot  Melt 

Paraffin  Hot  Melt 


(continued) 
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Table  3.13:  (continued) 

Miecibility  of  OxyChem  Chlorowax  Grade 

CHLOROWAX  is  miscible  with  many 
organic  solvents,  including  aliphatic,  aromatic  and 
terpene  hydrocarbons;  chlorinated  aliphatic  and 
aromatic  hydrocarbons;  hydrogenated  naphthas; 
ketones,  esters  and  drying  oils.  They  are  in- 
soluble in  water,  glycerine  and  glycols.  With  a 
few  exceptions,  the  liquid  grades  are  insoluble  in 
the  lower  alcohols. 


SOLVENT 

MISCIBLE  WITH 

CHLOROWAX 
45LV,  500-C, 
50  LV  & 65 

OTHER 

GRADES 

Acetone 

Yes 

Yes 

Amyl  Acetate 

Yes 

Yes 

Benzene 

Yes 

Yes 

Butanol,  Normal 

Yes 

No 

Butanol,  Tertiary 

Yes 

No 

Carbon  Tetrachloride 

Yes 

Yes 

Dioxane 

Yes 

Yes 

Ethanol 

Yes 

No 

Ethylene  Acetate 

Yes 

Yes 

Ethylene  Dichloride 

Yes 

Yes 

Ethylene  Glycol 

No 

No 

Glycerine 

No 

No 

Isopropanol 

No 

No 

Linseed  Oil 

Yes 

Yes 

Methanol 

Yes 

No 

Methyl  Ethyl  Ketone 

Yes 

Yes 

Methylene  Chloride 

Yes 

Yes 

Mineral  Spirits 

Yes 

Yes 

Monochlorobenzene 

Yes 

Yes 

Orthodichlorobenzene 

Yes 

Yes 

Perchloroethylene 

Yes 

Yes 

Perilla  Oil 

Yes 

Yes 

Propanol 

Yes 

No 

Solvesso  too 

Yes 

Yes 

Soy  Bean  Oil 

Yes 

Yes 

Toluene 

Yes 

Yes 

Turpentine 

Yes 

Yes 

Xylene 

Yes 

Yes 

Table  3.14:  Chlorobenzenes— Vapor  Pressures  (72) 


•20  -lO  0 lO  20  30  40  SO  60  70  80  90  no  HO  120  I30  MO  )80 160 170  190  2tO  230  ZiO 

TemperoTurt,  dtgrttt  C, 
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Table  3.15:  Chloroform  (7) 

Trichtoromethane 


CHCia 


PHYSICAL  PROPERTIES 


Acidity  as  HCl 

0,  001%  by  wt,  max. 

Boiling  point 

61.2*C 

Bolling  range  @760  mm 

60.  0-61.5’C 

Coefficient  of  cubical  expansion 
Av. /*C,  liquid 

0,001399 

Color  (Saybolt) 

24  max. 

Dielectric  constant,  1000  cycle 

4.90 

Fire  point 

Nonflammable 

Flash  point 

Nonflammable 

F reezing  point 

63  *C 

Heat  of  evaporation  @B.  P, 

59,  0 cal/g 

Latent  heat  of  evaporation  @B.P. 

106.  4 Btu/lb 

Refractive  index  @20*C 

1.4467 

@25*C 

1.4422 

Solubility  in  water  @20*C 

0.82 

Solubility  of  water  in  solvent 
@10*C 

0.06  g/water/lOO  g 

Specific  gravity  25/25  *C 

1.477 

Specific  heat 

Liquid,  20* 

0.234  cal/g/ *C 

Specific  resistivity 

4*  0 X 10^  ohms/cm 

Thermal  conductivity 
Liquid 

0,  080  Btu/hr  (sq  ft) 

Vapor  density  (B.  P,  , 760  mm) 

(•F/ft) 

4.  36  g/liter 

Vapor  pressure  @30*C 

243  mm 

Viscosity  @20  *C 

5.  63  millipolses 

@30*C 

5.  10  milUpoises 

Water:  no  cloud  @-l0*C 

0.021%  by  wt,  max. 

Weight  per  gallon  @25*C 

12. 29  lb 

CHLOROFORM  FORMS  AZEOTROPES  WITH: 

% B.  P.  *C  of  Aseotrope 


20.5 

Acetone 

64.5 

35 

2-Bromopropane 

62.2 

96 

2-Butanone 

79.  7 

6.8 

Ethanol 

59.3 

13 

Ethyl  formate 

62.7 

15 

Formic  acid 

59.2 

2.8 

n -Hexane 

60 

4.  5 

Isopropanol 

o 

OD 

12.  5 

Methanol 

53.5 

23 

Methyl  acetate 

64.8 

2.8 

Water 

56.  1 
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Table  3.16:  Chloromethylene  Compounds  (24) 


PRODUCT 

EMPIRICAL 

FORMULA 

MOL. 

WT. 

PHYSICAL  CONSTANTS 

ASSAY 

(Method) 

ISOMER 

CONTENT 

(Prox.) 

BOILING 
RANGE  “C 

SPECIFIC 

GRAVITY 

25X 

REF.  INDEX 

COMMERCIAL 

C,H,CI 

126.6 

95%  in 
3°  range 
incl.  179°C 

1.040- 

1.111 

1.5360- 

1.5370 

99% 

min. 

— 

BENZYL  CHLORIDE 

para-METHYLBENZYL 

CHLORIDE 

CbH.CI 

140.6 

199- 

204" 

— 

1.535- 

1.540 

98% 

(1) 

METHYLBENZYL  ^ 

CHLORIDES 

CbH,C1 

140.6 

199- 

204" 

1.070- 

1.080 

(15.5°) 

1.5360- 

1.5370 

98% 

(2) 

55%  (P-) 
45%  (0) 

ETHYLBENZYL 

CHLORIDES 

C,H,iCI 

154.7 

217- 

222" 

1.046- 

1.047 

1.5293- 

1.5305 

99% 

(2) 

70%  (P-) 
30%  (0  ) 

ISOPROPYLBENZYL 

CHLORIDES 

CioH.aCi 

168.7 

109- 
112"  @ 
15mm. 

1.01- 

1.03 

1.520- 

1.530 

98.5% 

(1) 

85%  (p.) 
15%  (0  ) 

2,4  DIMETHYLBENZYL 
CHLORIDES 

C,H„CI 

154.7 

221- 

226" 

1.050- 

1.065 

1.5375- 

1.5385 

98.5% 

(2) 

86%  (2,4  ) 
14%  (2,6  ) 

3.4-DlMETHYLBENZYL 

CHLORIDES 

C,HnCl 

154.7 

225- 

232" 

1.059- 

1.062 

1.5370- 

1.5390 

99% 

(2) 

64%  (3.4  ) 
34%  (2.3  ) 
2%  (2.4- 
2.5  ; 2,6  ) 

DICHLOROBENZYL 

CHLORIDES 

C7H5CI3 

195.5 

245- 

253" 

1.410- 

1.418 

1.5755- 

1.5765 

94% 

(2) 

80%  (2.4-; 
2.5-  2.6  ) 
20%  other 
isomers 

DEVELOPMENT 

1 

2.5-DIMETHYLBENZYL 

CHLORIDE 

CbHuCI 

154.7 

221- 

226" 

1.035- 

1.045 

1.5350- 

1.5360 

98% 

(2) 

— 

meta-CHLOROBENZYL 

CHLORIDE 

C,H,CU 

161.1 

98-104" 
@ 15mm. 

1.25- 

1.27 

1.5532- 

1.5542 

97.5% 

(1) 

— 

a.a'-DICHLORO- 

XYLENES 

CsHbCI^ 

175.1 

prox.l33"C 
@ 15mm. 

— 

— 

95%  1 

(1) 

70-80%  (P-) 
20-30%  (0  ) 

Bis-CHLOROMETHYL- 

DURENE 

C12H1BCI2 

231.2 

190- 
196°  dec. 
(3) 

! 

j 

98%  1 

(2) 

— 

RESEARCH 

ortho-METHYLBENZYL 

CHLORIDE 

C,H,CI 

140.6 

— 

— 

98% 

(1) 

— 

meta-METHYLBENZYL 

CHLORIDE 

C,H,CI 

140.6  ! 

— 

1 

— 

98% 

- ] 

— 

CHLOROMETHYL- 

TETRALINS 

CnHuCI 

180.5 

135- 

145" 

@ 7mm. 

— 

— 

98% 

(2) 

60%  (P-) 
40%  (a  ) 

aCHLOROMETHYL-p- 

METHYLNAPHTHALENE 

Ci2HuCI 

190.7 

58- 

62" 

(3) 

— 

— 

95% 

min. 

(2) 

— 

(1)  Gas-Liquid  Partition  Chromatography 

(2)  Alcoholic  potassium  hydroxide  hydrolysis 

(3)  Melting  range 


Table  3.17:  o-  and  p-Chlorotoluenes  {7) 


C6H4(CI)CH3 

PHYSICAL  PROPERTIES 


Boiling  point 

Coefficient  of  cubical 
expansion  @30*C 

Diatillation  range 
Start 
100% 

Flash  point 

Freexing  point 

Latent  heat  of  vaporisation 

Purity 

Solubility  of  water  @ZS*C 

Solubility  of  water  in  sol- 
vent @25*C 

Refractive  index  @20*C 
Specific  gravity  @20/4*C 
Surface  tension  @2$*C 
Vapor  pressure  @100*C 

Viscosity  g, 50. j. 

®210T 

Weight  per  gallon  @25*C 


Ortho  Para 

159.  4*C  162.  5*C 

0.  00092 

158.  3 *C  min. 

165.  I *C  max. 

46  *C 

-34*C  7.  5*C 

77  cal/g 

60%  approx.  40%  approx. 

0.037  g/lOO  g 

0.014  g/lOO  g 
1. 5238  1. 5199 

1.0817  1.0697 

32.  9 dynes/cm 
132  mm 

0.  707  centistoke 
0.  747  centipoise 
0.  328  centistoke 
0.  327  centipoise 

9.  1 lb 


Table  3.18:  p-Chlorotoluene  (7) 


C6H4(CI)CH3 


PHYSICAL  PROPERTIES 


Acidity  as  acetic  acid 

Nil 

Boiling  point  @760  mm  Hg 
@50  mm  Hg 
@10  mm  Hg 

162. 3 *C 
78.4*C 
43.  8*C 

Congealing  point 

6.  8*C 

Distillation  range  @760  mm  Hg 

162-166*C 

Flash  point  (Cleveland  O.C.  ) 

140*F 

Moisture  content 

Nil 

Molecular  wei^t 

126.59 

Pounds  per  gallon 

8.  85 

Purity 

98.  0% 

Refractive  index 

1. 5184 

Side  chain  chlorine 

None 

SoUdifies 

Below  45 *F 

Specific  gravity  @25/Z5*C 

1.  067  min.  - 

Surface  tension  (in  air) 
DuNouy  @25*C 

34.  60  dynes/i 

Vapor  pressure  @96.6*C 

100  mm  Hg 
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Table  3.19:  HALSO  99  (27) 


Table  3.20:  HALSO  AG  125  (27) 


Specifications: 

Appearance 

Color 

Monochlorotoluene 

Toluene 


Physical  Properties: 

Formula 

Molecular  Weight 
CAS  Registry  Number 

Specific  Gravity  @ 25X/15.5X 
Specific  Gravity  Correction  Factor 
Density  (Ib/gal) 

Freeze  Point  *C  CF) 

Boiling  Point,  *C  CF) 

Flash  Point  (TCC),  *C  (T) 

Fire  Point  (COC).  X (T) 

Vapor  Pressure,  10  mm  Hg 
100  mm  Hg 
760  mm  Hg 

Refractive  Index  (n  q 20) 

Heat  of  Vaporization  (cal/gm) 
Specific  Heat  @ 20X  (cal/gm/X) 
Viscosity  (Centistokes)  @ 100T 
@210"F 

Kauri-Butanol  Value 
Solubility  in  Water  @ 23*C  (ppm) 


CH3 


Clear  liquid 
30  APHA  Max. 
99.6%  Min. 
0.4%  Max. 


CH3 


Specifications: 

Appearance 

Color 

Monochlorotoluene 

Toluene 


Clear  liquid 
25  APHA  Max. 
99.5%  Min. 
0.4%  Max. 


Monochlorotoluene 


Ortho 

Para 

Toluene 

C7H7CI 

C7Ha 

126.59 

92.14 

95-49-8 

106-43-4 

108-88-3 

1.079 

1.067 

0.863 

-O.OOOSS/X 

-0.00097/X 

- 

9.0 

8.9 

7.2 

-35.6  (-32) 

7.5(45.5) 

-95  (-139) 

159  (318) 

162  (324) 

111  (231) 

50.6(123) 

52.8(127) 

4.4  (40) 

85(185) 

87.7(190) 

- 

43.2-C 

43.8X 

6.4X 

94.7X 

96.6’C 

51.9"C 

159.2-C 

161 .7’C 

110.6*C 

1.5268 

1.5150 

1.4961 

81.2 

80.2 

93.1 

0.355 

0.355 

0.392 

0.75 

- 

- 

0.44 

- 

- 

110 

105 

72 

74 

- 

Physical  Properties: 

Formula 

Molecular  Weight 
CAS  Registry  Number 

Specific  Gravity  @ 25®C/15.5®C 
Specific  Gravity  Correction  Factor 
Density  (Ib/gal) 

Freeze  Point,  ®C  (®F) 

Boiling  Point,  ®C  (®F) 

Flash  Point  (TCC),  «C  (®F) 

Fire  Point  (COC),X  (“F) 

Vapor  Pressure,  10  mm  Hg 
100  mm  Hg 
760  mm  Hg 
Refractive  Index  (n  q 20) 

Heat  of  Vaporization  (cal/gm) 
Specific  Heat  @ 20®C  (cal/gm/°C) 
Viscosity  (Centistokes)  @ 100°F 
@210°F 

Kauri-Butanol  Value 
Solubility  in  Water  @ 23^C  (ppm) 


Monochlorotoluene 


Ortho 

Para 

Toluene 

C7H7CI 

CtHb 

126.59 

92.14 

95-49-8 

106-43-4 

108-88-3 

1.079 

1.067 

0.863 

-0.00088/"C 

-0.00097/°C 

- 

9.0 

8.9 

7.2 

-35.6  (-32) 

7.5  (45.5) 

-95  (-139) 

159  (318) 

162  (324) 

111  (231) 

50.6  (123) 

52.8  (127) 

4.4  (40) 

85  (185) 

87.7  (190) 

- 

43.2°C 

43.8“C 

6.4'^C 

94.7®C 

96.6°C 

51.9X 

159.2X 

161. 7*^0 

110.6°C 

1.5268 

1.5150 

1.4961 

81.2 

80.2 

93.1 

0.355 

0.355 

0.392 

0.75 

- 

- 

0.44 

- 

- 

110 

105 

72 

74 

- 
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Table  3.21:  o-DIchlorobenzene  (7) 

1 ,2-Dichlorobenzene 


C6H4-02 


PHYSICAL  PROPERTIES 


Purified 


Technical 


Bolling  point 
Boiling  range  (witfiin) 

Dielectric  constant 
1000  cycles 

Electrical  conductivity 
®0*C 

Fire  point 
Flash  point 
Freezing  point 
Heat  of  combustion 
Heat  of  fusion 

Impurities  (p-dichloro- 
benxene,  trichloroben> 
sene) 

Latent  heat  of  vaporisa- 
tion @B.P. 

Refractive  index  QZZ*C 
Solubility  in  water  @2S*C 
Specific  gravity  Q20/4*C 

Specific  heat 
Specific  resistivity 
Weight  per  gallon  Q25*C 


1B0.2*C  179. 6*C 

^.0*C  4.0-C 

9.  82 


10“’  recip,  ohm 
103*C  103*C 

68’C  68*C 

-18.  3*C  -22,  5*C 

671.  8 kg‘cal/mol. 

88  joule  s/g 


Not  over  4%  Not  over  12% 

65  cal/g  at. 

1. 5518 

Less  than  0.  01% 
1.3048 

0.271  cal/g/ *C 
2.  0 X 10*  ohms/cm 
10.85  lb 


Table  3.22:  p-Dichlorobenzene  (7) 


p-DICHLOROBCNZENE  FORMS  AZEOTROPES  WITH: 


% 

B.P. 

*C  of  Axeotrope 

20 

Cineolc 

173.  5 

33.  5 

Cyc  lohexanol 

153.  6 

37 

2-Ethoxyethyl  acetate 

155.  5 

34 

n-Hexyl  alcohol 

151.6 

46 

Camphene 

155.0 

63.  5 

leoamyl  ether 

172.4 

27 

laoamyl  propionate 

155.2 

14 

d-  Linnonene 

174.  2 

50 

er-Pinene 

153.4 

2 

Phenol 

156.0 

43 

Propyl  isovalerate 

154.  5 
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Table  3.23:  Dichiorodilsopropyl  Ether  (7) 


C1CH2CH(CHj)-0-CH(CH3)CH2C1 


PHYSICAL  PROPERTIES 


Acidity  as  HCl 
Boiling  point  @760  mm 
Boiling  range  @760  mm 


Color  (Pt-Co  scale) 

Flash  point  (O.  C. ) 

Solubility  in  water  @20*C 
Solubility  of  water  in  solvent  @20*C 
Specific  gravity  @ 20/20  *C 
Vapor  pressure  @20*C 
Weight  per  gallon  @20 *C 


0.  01%  by  wt,  max. 
187.  3 *C 

Not  more  than  5%  dis- 
tills below  1S0*C 
Not  less  than  95%  dis- 
tills below  190  *C 

25  max. 

185*F 

0.  1 7%  by  wt 
0,  1 1%  by  wt 
1. 1122 
0.  85  mm 
9.26  lb 


Table  3.24:  Dichloroethylene  (7) 


H H 

H Cl 

cis-Acefylene  Dichloride 

o- 

II 

o- 

trans-Acetyiene  Dichloride 

1 1 
C=C 

PHYSICAL  PROPERTIES  PHYSICAL  PROPERTIES 


cis  isomer 

trans 

isomer 

Acidity  as  HCl 

0.  0005%bywt.  max. 

Acidity  as  HC I 

0.  0005%  by  wt,  max. 

Boiling  point  @760  mm 

60.3*C 

Boiling  point  @760  mm 

48.  0-48.  5*C 

Coefficient  of  cubical  expansion 

Boiling  range  @760  mm 

47. 0-48. 5*C 

Av, /‘C.  liquid 

0.00127 

Coefficient  of  cubical  expansion 

Color  (Saybolt) 

24  max. 

Av. /*C,  liquid 

0.00136 

Flash  point 

6*C 

Color  (Saybolt) 

24  max. 

Free  sing  point 

-80.  5*C 

Flash  point 

4*C 

Latent  heat  of  vaporisation  @B.  P. 

73.0  cal/g 

F reesing  point 

50  *C 

Refractive  index  @15*C 

1.4519 

Latent  heat  of  vaporization  @B. 

P.  73.  7 cal/g 

Residue  on  evaporation 

0.  007%  by  wt.  max. 

Refractive  index  @15*C 

1 . 4490 

SolubiUty  in  water  @25*C 

0.  77  g/100  g 

Residue  on  evaporation 

0.  0007%  by  wt,  max. 

Solubility  of  water  in  solvent 

Solubility  in  water  @25 *C 

0.  63  g/lOO  g 

@10*C 

0.  04  g water/ 100  g 

Solubility  of  water  in  solvent 

0.  03  g water/lOO  g 

Specific  gravity  @20/4*C 

1. 282 

@10^C 

Specific  heat 

Specific  gravity  @20/4*C 

1. 257 

Liquid.  20  *C 

0.270  cal/g/ *C 

Specific  heat 

0.  270  cal/g/ *C 

Vapor  density  (B.  P. . 760  mm) 

3.  54  g/liter 

Liquid.  20  *C 

Vapor  pressure  @30*C 

273  mm 

Vapor  density  (B.  P.  , 760  mm) 

3.  67  g/liter 

Viscosity  liquid  @20*C 

0.  48  centipoise 

Vapor  pressure  @30*C 

395  mm 

Water:  no  cloud  @-15*C 

0.001%  by  wt.  max. 

Viscosity  liquid  @20 *C 

0.  41  centipoise 

Weight  per  gallon  @20*C 

10.  70  lb 

Water:  no  cloud  @-15*C 
Weight  per  gallon  @20 *C 

0.004%  by  wt,  max. 
10.49  lb 
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Table  3.25:  DIchloroethyl  Ether  (7) 


2,2'-D?chloroethyl  Ether 

sym-  or  /3,/3'-Dfchloroethyl  Ether 


CICH2CH20CH2CH2C( 


PHYSICAL  PROPERTIES 


Aci<lity  as  HCl 

Apparent  ignition  tennperature  in  air 

Boiling  point 

Boiling  range  @760  nnnn 


Color  (500  nnnn  tube) 


Ethylene  dichloride 
Flash  point  (C,  C.  ) 

Latent  heat  of  vaporization  I 
Refractive  index  @Z0*C 
Specific  gravity  @20/Z0*C 
Specific  heat  @20-30*C 
Surface  tension  @25*C 
Vapor  pressure  @20 *C 
Viscosity  @25”C 
Weight  per  gallon  @20*C 


)178'C 


0,  005%  rnax. 

396  "C 
178*C 

Not  more  than  5%  dis- 
tills below  173*C 
Not  less  than  95%  dis- 
tills below  179’C 

Not  more  than  Z yellow 
Lovibond 

1 . 0%  max. 

55*C 

64.  1 cal/g 
1. 457 

1.  219-1. 224 

0.  369  cal 

41.  8 dynes/  sq  cm 

1 . 2 mm 

2.  0653  centipoises 
10. 17  lb 


Table  3.26:  DIchlorohydrIn  (7) 


Boiling  point 

Boiling  range 
Flash  point 
Refractive  index 
Specific  gravity 
Vapor  pressure 


Glycerol  Dtchlorohydrin 
Dichloroisopropyl  Alcohol 
l,3-Dichloropropanol-2 
O' - Prop©  ny  1 d i c h I orohy dr  i n 
PHYSICAL  PROPERTIES 


(1.3-)  174*C 
(I, 2-)  183*C 


174-176*C 

74  *C 

1. 47-1. 48 
1.  36-1. 39 
7 mm 


(95%) 


CICH2CH(0H)CH2CI 


1.  3- DICHLORO-Z -PROPANOL  FORMS  AZEOTROPES  WITH: 


91 

39 

32 

62 

43 

85 


Bromobenzene 
o - Bromotoluene 
p - Bromotoluene 
Camphene 
a-Chlorotoluene 
o-Chlorotolene 


B.  P.  "C  of  Azeotrope 

155.  5 
170,  5 
172.  8 
152.8 
168.  9 
158.  0 


78 

p-Chlorotoluene 

160.  0 

-DICHLORO- 

3-PROPANOL  FORMS  AZEOTROPES  WITH: 

45 

Cymene 

165.  5 

55 

p- Dichlorobenzene 

162.  2 

% 

B,  P.  *C  of  Azeotrope 

62 

2,  7-Dimethyllactane 

155.  0 

55 

o- Bromotoluene 

171. 6 

85 

Dimethyl  oxalate 

162.  0 

75 

Camphene 

156.  0 

33.  5 

Indene 

173.  5 

60 

a-Chlorotoluene 

171.0 

30 

lodobenzene 

173.  0 

66 

Indene 

160.  0 

10 

Isoamyl  butyrate 

178.  6 

60 

a-Limonene 

169.  3 

52 

Isoamyl  ether 

165.  9 

43 

2-Octanol 

172.  5 

43 

d-  Limonene 

166.8 

60 

a>>Pinene 

153.  0 

50 

Mesitylene 

156.  0 

50 

Thymene 

170.8 

41 

p-Methylanisole 

173.  1 

35 

Methylheptenone 

178.  5 

57 

a-Phellandrene 

163.  0 

63.  5 

a-Pinene 

150.4 

63 

Pscudocumene 

164.  4 

85 

Styrene 

142.  5 

38 

a-Terpinolene 

166.8 

40 

Thynnene 

166.  5 

Halogenated  Hydrocarbons  119 


Table  3.27:  Dichloromethane  (22) 


Methylene  Chloride  CH2CI2 

Methylene  Dichloride 

Meihylene  chloride  is  a clear,  water-  highly  volatile  and  mobile.  Methylene 

white  liquid  at  ordinary  temperatures,  chloride  is  completely  miscible  with 

with  a pleasant,  ethereal  odor.  It  is  rnost  organic  liquids, 

TYPICAL  PROPERTIES 


Molecular  Weight 

84.93 

Boiling  Point,  °F 

103.6 

X 

39.8 

Freezing  Point,  T 

- 142.1 

X 

-96.7 

Flash  Point  (Tag  open  cup) 

none 

Ignition  Temperature,  °F 

1224 

X 

662 

Specific  Gravity  of  Vapor 

(air  = 1.00) 

2.94 

Density  at  20 X, 

pounds  per  gallon 

11.15 

Viscosity  at  20  X, 

centipoises 

0.425 

Specific  Heat  at  20 X, 

cal/(g)(X) 

0.29 

Vapor  Pressure  at  20  °C,  mm 

348,9 

Evaporation  Rate  at  25  X 

(ether  = 100) 

71 

Heat  of  Vaporization,  cal/g 

75.3 

Btu/lb 

135.5 

Solubility 

g methylene  chIoride/100  g water 
at20'=’C  2.0 


g water/100  g methylene 

chloride  at  25  °C  0.2 

Azeotrope  with  Water, 

Boiling  Point,  °F  100.6 

X 38.1 

Azeotropic  Water 

Content,  wt  1.5 

Specification  for  standard  grade 

Appearance  Clear,  free  of 

suspended  matter 
Color,  APHA,  maximum  10 

Odor  Characteristic; 

no  residual 

Specific  Gravity, 

25X/25X  1.319  to  1.323 

Acidity,  ppm,  maximum  5 

Nonvolatile  Residue,  ppm, 
maximum  10 

Free  Halogen  none 

Distillation  Range 

(lOO^^^o),  X 39.5  to  40.5 

X 103.1  to  104.9 

Water,  ppm,  maximum  100 


METHYLENE  CHLORIDE  PERCENT 


VAPOR  PRESSURE 


TEMPERATURE, 
degrees  Centigrade 
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Table  3.27:  (continued) 

1.  l-DICHLOROMETHANE  FORMS  AZEOTROPES  WITH: 

% B.  P.  *C  of  Aseotropc 


30 

Acetone 

57,  6 

23 

Biallyl 

56.  5 

94.8 

1 , 3>Butadiene 

-5.0 

20 

Chloromethyl  methyl  ether 

54 

30 

Cyclopentane 

38.0 

55 

Oiethylamine 

52.0 

11.  5 

Ethanol 

54.6 

21 

lodom  ethane 

39.8 

8 

Isopropanol 

56.6 

31 

Pentane 

35.  5 

23 

Propylene  oxide 

40.  6 

6 

tert-Butanol 

57.  1 

1.5 

Water 

38.  1 

Table  3.28:  DIchloropentanes  (7) 

Table  3.29:  2,4-Dlchlorotoluene  (7) 

C5H10CI2 

C^K3(CI)2CH3 

PHYSICAL  PROPERTIES 

PHYSICAL  PROPERTIES 

Acidity  as  HCl 

0.  025%  max. 

Acidity  as  acetic  acid 

Nil 

Average  chlorine  content 

48% 

Boiling  point  @760  mm  Hg 

200. 5*C 

Distillation 

95%  between  1 30-200 *C 

@ 50  mm  Hg 

113.0*C 

Evaporation  rate  @ 109 *F: Minutes 

@10  mm  Hg 

77.  0*C 

3.83 

25% 

Congealing  point 

-13*C 

8.  00 
14.  20 

50% 

75% 

Distillation  Range  @760  mm  Hg 

199-202 *C 

90.00 

100% 

Fire  point  (Cleveland  O.  C.  ) 

383T 

Flash  point  (O.  C.  ) 

97*F 

Flash  point  (Cleveland  0.  C.  ) 

199*F 

Heat  of  vaporisation 

68.  5 cal/g 

Moisture  content 

Nil 

Kauri -butanol  value 

67  cc 

Molecular  weight 

161.04 

Solubility  in  water 

Negligible 

Pounds  per  gallon 

10.  34 

Specific  gravity  @20 *C 

CO 

0 

0 

Purity 

99.0% 

Specific  heat 

0.  369  cal/g 

Refractive  index  Nu 

I. 5480 

Surface  tension  @25 *C 

31.8  dynes/cm 

Side  chain  chlorine 

None 

Viscosity  @25*C 

0. 016  poise 

Specific  gravity  @25/25*C 

I.  247  min.  - 1. 251  nnax. 

Water  aseotrope  @80-97* 

C 

66%  C^i^lj  (approx. ) 

Surface  tension,  DuNouy  @25*C 

38.29  dynes/cm 

Water  content 

None 

Vapor  pressure  @ 1 30*C 

100  mm  Hg 

Weight  per  gallon 

8.  94  lb 
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Table  3.30:  Epichlorohydrin  (7) 


3-Chloropropylene-l  ,2-oxide 


I 1 

O-CH2-CH-CH2CI 


Epichlorohydrin  Is  a colorless^  mobile,  highly  reactive  liquid.  It  Is  completely  miscible  with  many  organic  liquids  such 
as  acetone,  carbon  tetrachloride,  alcohols,  benzene,  ethers,  halogenated  hydrocarbons,  fixed  oils,  etc.  It  Is  not 
miscible  with  glycerin  and  water.  The  two  reactive  functional  groups  make  It  a very  useful  chemical  Intermediate.  In 
the  presence  of  a catalyst.  Its  epoxy  group  enters  Into  an  exothermic  reaction  with  the  active  hydrogen  atoms  of  alcohols, 
amines,  carboxylic  acids,  phenols,  mercaptans,  etc.  The  atom  In  the  molecule  reacts  with  acid  salts,  alkali  metal  pheno- 
lates,  and  alcoholates,  amides,  amines,  etc. 

Epichlorohydrin  Is  used  to  a large  extent  as  a raw  material  In  the  manufacture  of  epoxy  resins.  When  condensed  with  dl- 
hydric  phenols  or  phenolic  resins,  epoxy  resins  are  obtained  which  range  from  liquids  to  solids.  It  Is  also  used  In  the 
manufacture  of  Ion  exchange  resins,  adhesion  resins  and  a large  number  of  other  chemicals. 


Absolute  viscosity  at  20°C.,  cps. 

1.1 

ABP/AP.,  at  740  to  760  mm.  Hg,  °C.  per  mm. 

0.044 

Bolling  point,  ®C.,  760  mm. 

115.2 

50  mm. 

45 

10  mm. 

16 

Freezing  point,  °C. 

-58.1 

Heat  of  vaporization  at  1 atm.,  Btu/lb. 

174 

Molecular  weight 

92.53 

Refractive  Index,  np  at  20® C. 

1 .4359 

Solubility,  % by  weight  at  20® C., 
In  water 

5.9 

water  In 

1.2 

ASG/A  T.  at  20®  to  30®  C. 

0.00120 

Specific  gravity  at  20/20®C. 

1.1761 

Vapor  pressure  at  20® C.,  mm.  Hg 

12.7 

Flash  point  (open  cup),  ®F. 

105 

Table  3.31:  Ethyl  Chloride  (22)  (23) 


Monochloroethane  C2H5CI 

Muriatic  Ether 

TYPICAL  PROPERTIES 


Molecular  Weight:  64.52 

Description:  Ethyl  chloride  is  a 

colorless  mobile  liquid  at  1 atmosphere 
below  12.4®C  (54^F).  Above  the  boiling 
point,  it  is  a colorless  gas.  Ethyl  chloride 
has  an  ethereal  odor  and  is  highly  volatile 
and  flammable. 

Freezing  Point,  -138.3 

•^F  -217 


Refractive  Index  of  Vapor,  1 .001 

Vapor  Pressure,  mm  Hg 
OX  (32T)  464 

1 OX  (SOX)  692 

20^C(68X)  1011 

Specific  Gravity  of  Vapor  (air=  1 ) 2 .23 

Solubility  at  0®C, 

g ethyl  chloride/ 100  g water  0.447 

g water/ 1 00  g ethyl  chloride  0.07 

Solubility: 


Ethyl  chloride  is  soluble  in  most  organic 
solvents. 


(continued) 


122  Industrial  Solvents  Handbook 


Table  3.31:  (continued) 


Flash  Point,  Tag  open  cup,  ®C  —43 

°F  -45 

Explosive  Limits, 

volume  % in  air  3.16  to  15 

Autoignition  Temperature,  °C  519 

‘’F  966 

Specific  Heat  at  0°C, 

cal/  (g)  (°C)  or  Btu/  (lb)  (°F)  0.37 

Heat  of  Vaporization  at  Boiling  Point 
cal/g  92.5 

Btu/lb  165.6 

Viscosity  at  10°C,  cps  0.279 

Density  at  20°C,  pounds/ gallon  7.461 


Reactivity: 

At  ordinary  temperatures  the  oxidation  and 
hydrolysis  of  ethyl  chloride  take  place 
slowly.  In  ihe  absence  of  air  and  water,  it 
can  be  used  with  most  common  metals  up 
to  200°C  (392°  F).  Ethyl  chloride  burns 
with  a green-edged  flame,  producing  hydro- 
gen chloride,  carbon  dioxide  and  water.  It 
is  thermally  stable  to  400°C  (752° F); 
thermal  splitting  yields  ethylene  and  hydro- 
gen chloride.  The  reactivity  of  ethyl  chlo- 
ride as  an  intermediate  is  often  based  on 
the  affinity  of  alkali  metal  atoms  for  its 
chlorine  atom. 


Specification  and  Typical  Analysis: 


Purity,  wt  % 

Color,  APHA 
Appearance 

Acidity  as  HCl,  wt  % 
Water,  wt  % 

Nonvolatile  Residue,  wt  % 
Total  Impurities,  wt  % 
Distillation  Range,  °C 
Specific  Gravity,  0°C/4°C 


Specification 

99.5  minimum 
20  maximum 
clear,  free  of 
suspended  matter 
0.002  maximum 
0.02  maximum 
0.01  maximum 
0,5  maximum 
12  to  13 
0.922  to  0.925 


Typical 

Analysis 

99.97 

<5 

clear,  free  of 
suspended  matter 
<0.0001 
0.0010 
<0.0001 
0.03 

12.2  to  12.4 
0.922 


Ethyl  Chloride  Vapor  Pressure  vs  Temperature 

TEMPERATURE.  °C 


Solubility,  Approximate,  g/100  g Solvent  at  25*’c 


Acetone 

103 

Benzene 

110 

n-Heptane 

87 

Ethanol (21®C) 

48 

Methanol 

37 

Water  {20^0 

0.6 
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Table  3.32:  Ethylene  Chlorohydrin  (7) 


Glycol  Chlorohydrin  CICH2CH2OH 

2-Chlorefhyl  Alcohol 


PHYSICAL  PROPERTIES 


Absolute  viscosity  @20*C 

3.  4 centipoises 

Apparent  specific  gravity  @ 20/20  *C 

1.2040 

Boiling  point  @760  mm  Hg 

128.  7 *C 

@ 50  mm  Hg 

60  *C 

@ 10  mm  Hg 

29  *C 

Coefficient  of  expansion  @55*C 

0. 00092 

Flash  point  (Cleveland  O*  C. ) 

140  *F 

Freezing  point 

-62.  6*C 

Molecular  weight 

60.  52 

Pounds  per  gallon  @20 *C 

10.03 

Solubility  in  water  @20*C 

Complete 

Solubility  of  water  in  solvent  @20*C 

Complete 

Vapor  pressure  @20  *C 

4.  9 mm  Hg 

Table  3.33:  Ethylene  Dichloride  (7) 

1 ,2-DIchloroefhane 
sym-Dichloroefhane 

Ethylene  Chloride  CICH2— CH2CI 

Dutch  Oil 
Elay!  Chloride 


PHYSICAL  PROPERTIES 


Acidity  as  HCl 

Not  more  than  0.  001% 

Apparent  ignition  temperature 
in  air 

449  *C 

Boiling  point 

83.6*C 

Boiling  range  @760  mm 

Below  62.  5*C  none 
Above  64.  0 *C  none 

Coefficient  of  cubical  expansion 
Av./*C,  liquid  (10-30*C) 

0.00116 

Color  (500 -mm  tube)  fLovibond) 

Not  more  than  1.0  yellow 

Dielectric  constant  @20 *C 

10.  5±0.  3 

Electrical  conductivity 

3 X 10'® 

Explosive  limits  in  air 

6.  2-15.  9%  by  vol. 

Fire  point 

28  *C 

Flash  point  (ASTM  O.  C. ) 

21  *C 

Freezing  point 

-35*C 

Heat  of  combustion 

2720  cal/g 

Latent  heat  of  evaporation  @B.P. 

77.  3 cal/g 

Nonvolatile  matter 

Not  more  than  0.001 
g/lOO  cc 

Purity 

Not  less  than  99.  0 % 

Refractive  index 

1 . 4443 

Solubility  in  water  @20*C 

0.  87  % by  wt 

Solubility  of  water  in  solvent 
@20*C 

0.  16%  by  wt 

Specific  gravity  @20/20*C 

1.  2550 

Specific  heat 

0.  31  cal/g/*C 

Specific  resistivity 

9.  0 X 10*  ohms/cm 

Surface  tension  @25*C 

37.  5 dynes/cm 

Thermal  conductivity  @20 *C 

0.  0038  cal/cm/sec/*C 

Vapor  density  (B.  P. , 760  mm) 

3.  66  g/liter 

Vapor  pressure  @20*C 

63  mm 

@30*C 

99  mm 

Viscosity  @25*C 

0.  0076  poise 

Water  content 

Not  more  than  0.02% 

Weight  per  gallon  @25*C 

10.36  lb 
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Table  3.33:  (continued) 

ETHYLENE  DICHLORIDE  FORMS  AZEOTROPES  WITH: 


% 


B.  P.  ’C  of  Aseotrope 


18 

AUyl  alcohol 

79.9 

6 

tert-Amyl  alcohol 

83 

79 

Carbon  tetrachloride 

75.  6 

19.  5 

1,  1 >Dichloroethane 

71 

37 

Ethanol 

70.  3 

38 

Formic  acid 

77.  4 

6.  5 

laobutanol 

83.  5 

43.  5 

Isopropyl  alcohol 

74.7 

19 

Propanol 

80.7 

10 

n-Propyl  formate 

84.  1 

16 

Trichloroethylene 

8Z.  9 

3Z 

Methanol 

61 

8.  Z 

Water 

70.  5 

Water  Content  vs.  Cloud  Point  (S3) 

'«» . , , , 


100 


-30  -20  -10  0 10  20 
Cloud  Point  Temperature.  “C 


Limits  of  Flommobility  of  Efhylene  Dichlorlde 
in  Air  and  Carbon  Dioxide 


OXYGEN  IN  OfttGINAL  ATMOSPHERE.  PERCENT 


Table  3.34:  2-Ethylhexyi  Chloride  (7) 


Table  3.35:  Glycerol  o-MonochlorohydrIn  (7) 


CHjCH2CH2CH2CH(C2Hs)CH2CI 


CICH2CHOHCH2OH 


PHYSICAL  PROPERTIES  PHYSICAL  PROPERTIES 


Average  lareight  @Z0*C 

7.  33  Ib/gal 

Boiling  point 

Z13»C 

Boiling  point  @760  mm  Hg 

17Z. 9*C 

Boiling  range  (ASTM) 

90%  between  136-14Z*C  @40  mm 

Flash  point  (O.  C.  ) 

140»F 

Flash  point  {O,  C.  ) 

Z80*F 

Molecular  weight 

148.  67 

Refractive  index  @Z5*C 

1.4781 

Solubility  in  water  @Z0*C 

0,  iTe  by  wt 

Solubility  in  water 

100% 

Solubility  of  water  in  solvent@Z0*C 

0.  1%  by  wt 

Specific  gravity  @Z0/4*C 

1.  3Z0 

Specific  gravity  @Z0/Z0*C 
Vapor  pressure  @Z0*C 

0.  8833 

1 . 3 mm  Hg 

Weight  per  gallon 

10.  98  lb 

Table  3.36:  Hexachloroethane  (7) 


Percfiloroethane 
Carbon  Trichloride 
Tetrachloroethylene  DIchlorlde 


PHYSICAL  PROPERTIES 


Acidity  aB  HCl 

Less  than  0.  05% 

Boiling  point  @760  mm 

Sublimes  @185*C 

Latent  heat  of  vaporization  @B,  P. 

46.4  cal/g 
83.  5 Btu/lb 

Melting  point  in  sealed  tube 

188.  2’C 

Nonvolatile  matter 

Less  than  0.  1 5% 

Purity 

98,  0%  min. 

Specific  gravity  @20/4*C 

2,091 

Specific  heat  @25 *C 

0,  174  cal/g/ *C  or 
Btu/lb/ -F 

Vapor  density  (B,  P.  , 76Q  mm) 

6,  30  g/liter 

Vapor  pressure  @30  *C 

2 mm 

Water 

0,  2%  by  wt,  max. 

CCI3CCI3 


HEXACHLOROETHANE  FORMS  AZEOTROPES  WITH: 

% B.  P.  *C  of  Aeeotrope 


34 

Aniline 

176.  8 

12 

Benzyl  alcohol 

182.0 

30 

p-Bromotoluene 

183.  S 

25 

Chloroacetic  acid 

171.2 

28 

o-Cresol 

181.  3 

43 

Diethyl  oxalate 

178.6 

20 

Diisobutyl  carbonate 

184.0 

55 

Dimethyl  malonate 

176.0 

49.5 

Ethyl  acetoacetate 

J72.  5 

37 

Isovaleric  acid 

172.6 

30 

Phenol 

173.7 

15 

Trithloroacetic  acid 

181.0 
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Table  3.37:  n-Hexyl  Chloride  (7) 


Boiling  rnnge 
Flash  point 

Specific  gravity  Q 20/20  *C 


V13C 


133-135*C 


Table  3.38:  Methylene  Chloride  (53) 


Product  Description 

Methylene  chloride  is  a clear,  colorless,  heavy,  nonflam- 
mable liquid  with  a pleasant  ethereal  odor.  It  is  the  least 
toxic  of  the  chloromethanes  and  is  not  photochemical ly 
reactive.  As  one  of  the  most  powerful  solvents  in  the 
chlorinated  group,  it  has  found  a wide  range  of  applica- 
tions where  superior  solvency  is  important.  Vulcan's 
methylene  chloride  is  available  in  Technical,  Aerosol, 
Degreasing,  Special  and  Decaffeination  grades.  The 
Technical  and  Decaffeination  grades  meet  the  requirements 
of  the  American  Chemical  Society  Reagent  Chemical 
Specifications,  7th  Edition,  1987,  the  Food  Chemicals  Codex, 
3rd  Edition,  the  National  Formulary  XVI  and  Military 
Specification  MIL-D-6998D.  ^ 


Methylene  Chloride 

Water  Content  vs.  Cloud  Pt. 


Formula 

Molecular  Weight 
Boiling  Point 
Density 


Physical  Properties 

CH,CI: 


84.94 

40.1  °C;  104.2°F 
10.98  lbs. /gal.  C4  25“C 


Specific  Gravity  (a  25/25T  1.320 


Freezing  Point 
Viscosity  @ 25°C 
Flash  Point 
Latent  Heat 

of  Vaporization  @ b.p. 
Specific  Heat, 

liquid  (a  20“C 
Solubility  @ 25°C 
water  in  solvent 
solvent  in  water 


-96.7°C;  -142. 1°F 
0.430  cP 
None 

78.7  cal/g;  141.7  BTU/lb 

0.276  cal/g/^C 

0. 1 70g/l  OOg  solvent 
1 .32g/l  OOg  water 


-60  -50  -40  -30 

Cloud  Point  Temperature,  ®C 
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Table  3.39:  Isopropyl  Chloride  (7) 

CH3CHCICH3 

Boiling  point 
Freezing  point 
Refractive  index 
Solubility  in  water  @1Z,  5*C 
Specific  gravity  @Z0/4*C 
Viacoaity  @ZZ.  5*C 
Weight  per  gallon 

Table  3.40:  Methyl  Chloride  (23) 


Monochloromethane  CH3CI 

PHYSICAL  PROPERTIES 

Molecular  Weight 50.49 

Boiling  Point,  760  mm.  Hg " 23.7®  C.  (—  10.7®  F.) 

Freezing  Point  . ~97.6®C. 

Vapor  Pressure,  mm.,  Hg.  at  0*^  C 1892 

psia  at  0®  C 36.6 

Flammable  limits,  (percent  by  volume  in  air) 10.7-17.4 

Flash  Point — 50®F calculated 

Heal  of  Vaporization, 

cal  /gm.  at  b.p 102  45 

Heat  of  Fusion,  Cal  . /mole 1537 

Heat  of  Combustion  Kcai. /mole 164.2 

Specific  Heat,  cal  /gm  ® C. 

Liquid  at  20®  C 0.381 

Vapor  at  25®  C.  and  1.021  atmos 0.199 

Critical  Temperature 143.1®  C.  (289.4®  F.) 

Critical  Pressure,  atmos 65.9  (968.7  psia.) 

Critical  E>cnsity,  gm./cc 0.353 

Refractive  Index,  liquid  at  -23.7®C 1.3712 

Vapor  at  25®  C 1.000703 

Solubihry,  cc/100  cc.  solvent  at  20®  C. 

Water 303 

Beruene 4723 

Carbon  Tetrachloride 3756 

Acetic  Acid 3679 

Ethyl  Alcohol 3740 


35.4*C 
-117*C 
1.3811 
0.  344 

0.8590  g/lOO  g 
0.  2962  centipoiae 
7.  5 lb 


(continued) 
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Table  3.40:  (continued) 


Thermodynamic  Properties  of  Methyl  Chloride  (Ideal  Gas  State) 


T 

TEMP 

®K 

C% 
HEAT 
CAPACITY 
CAL  /DEG  / 
MOLE 

is 

HEAT 
CONTENT 
CAL  /MOLE 

ENTBOPY 
CAL /DEG  / 
MOLE 

IS 

FORMATION  FROM  ELEMENTS 

T 

FREE  ENERGY 
FUNCTION 
CAL  /DEG  / 
MOLE 

HEATAH^f. 
CAL /MOLE 

FREE 

ENERGY  F*i 
CAL  /MOLE 

LOGioKp 

298 

973 

55  80 

55  80 

-20630 

-14952 

10.960 

300 

9 76 

18 

55.86 

55  80 

-20642 

-14918 

10  866 

400 

11.50 

1080 

58  91 

56  21 

-21283 

■12907 

7 052 

500 

13  28 

2332 

61  70 

57  04 

-21825 

■10750 

4 699 

600 

14  64 

3707 

64.19' 

58  02 

■22313 

- 8495 

3094 

700 

1592 

5236 

66.55 

59.07 

-22699 

- 6144 

1 918 

800 

17  03 

6885 

68  75 

60.15 

-23012 

- 3764 

1.028 

900 

17  76 

8400 

70  30 

60  97 

-23494 

- nil 

.269 

1000 

1886 

10480 

71,75 

61  27 

-23444 

2086 

- 455 

1100 

I9  60- 

12400 

74  58 

6331 

-23586 

3551 

- 705 

1200 

20.26 

14400 

76.32 

64.32 

-23673 

6027 

- 1.097 

1300 

20  82 

16450 

77,97 

65.32 

-23747 

8493 

- 1.427 

1400 

21  32 

18560 

79.52 

66  27 

-23789 

10987 

- 1 715 

1500 

21.75 

20720 

81.01 

67.20 

i 

-23803 

13502 

- 1 967 

■ACTUALLY  IS  29S  15°  K 


Density  of  Liquid  Methyl  Chloride 


Density  of  Saturated  Methyl  Chloride  Vapor 


< 

o 

I/) 


cc 


TEMPERATURE,  °C 


Vapor  Pressure  of  Methyl  Chloride 


Viscosity  of  Liquid  Methyl  Chloride 


ref.  D.  B.  Stull.  Ind.  Eng.  Chem.  39,  517  (April,  1947) 


40  20  0 20  40  60  80  100  120 
TEMPERATURE.  °C 
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Table  3.40:  (continued) 


Halogenated  Hydrocarbons 


Viscosity  of  Methyl  Chloride  Vapor 


Heat  Capacity  of  Liquid  Methyl  Chloride 


-40  —20  0 20  40  60  80  100  120 

TEMPERATURE.  ®C 


-100-80  -60  -40  -20  0 20  40  60  80  100 

TEMPERATURE.  “C 


Heat  Capacity  of  Methyl  Chloride  Vapor 


0 100  200  300  400  500  600  700  800  900  1000 

TEMPERATURE,  °C 


Heat  of  Vaporization  of  Methyl  Chloride 


-100-80-60-40-20  0 20  40  60  80  100  140 

TEMPERATURE.  °C 


Thermal  Conductivity  of  Methyl  Chloride  Vapor 


Surface  Tension  of  Methyl  Chloride 
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Table  3.41:  Monochiorohydrin  (7) 


aCH2CH(0H)CH20H 

PHYSICAL  PROPERTIES 

Boiling  point  213*C 

Boiling  range  213>228*C  (decompoaes) 

Specific  gravity  @ 18*C  1.  326 


Table  3.42:  Pentachloroethane  (7) 


CHCI2-CCI3 


PHYSICAL  PROPERTIES  PENTACHLOROETHANE  FORMS  AZEOTROPES  WITH: 


Acidity  as  HCl 
Boiling  point  @760  mm 

0.001%  by  wt,  max. 
161. 9*C 

% 

B.P. 

*C  of  Azeotrope 

Coefficient  of  cubical  expansion 

3 

Acetamide 

160.  5 

Av./*C.  Uquid 

0. 0009097 

26 

Butyric  acid 

156.8 

Color  (Say bolt) 

18  max. 

97 

Cam  phene 

159.3 

Explosion  limits 

None 

9.9 

Chloroacetic  acid 

158.7 

Flash  point 

Nonflammable 

36 

Cyclohexanol 

137.9 

Free  halogen 

Noqe 

28 

Cyclohexanone 

165.4 

Fr easing  point 

-22.0*C 

22.  5 

1.  3 -Dichloro*2« Propanol 

159.7 

Latent  heat  of.  vaporisation  @ B.  P. 

43.  6 cal/g 
78. 4 Btu/lb 

32 

65 

Dimethyl  oxalate 
Ethyl  lactate 

157.6 

153.5 

Nonvolatile  matter 
Refractive  index 

0.  0007%  by  wt,  max. 
1.50  3 5 

50 

15 

Z-Furaldehyde 

Glycol 

155.2 

154.5 

Solubility  in  water  @25*C 

0.05  g/lOO  g 

46 

Hexyl  alcohol 

155.8 

Solubility  of  water  in  solvent 
@20*C 

0.  24  g water/lOO  g 

50 

Isoamyl  propionate 

158.7 

Specific  gravity  @20.  4*C 

1.678 

43 

Isobutyric  acid 

152.9 

Specific  heat 

0.215  cal/g/ *C 

9 

Isovaleric  acid 

160.  3 

Uquid,  20  *C 

56 

Masitylene 

166.0 

Vapor  density  (B.  P.  and  760  mm) 

568  g/Uter 

97 

Methylheptenone 

173.  3 

Vapor  pressure  @ 30  *C 

6 mm 

9.  5 

Phenol 

160.9 

Viscosity  Uquid  @20 *C 
Weight  per  gallon  @20*C 

2. 45  centipoises 
14.00  lb 

89 

a>Pinene 

155.6 

Table  3.43:  Perchloroethylene  (22) 


PERCHLOR 


TYPICAL  PROPERTIES 

Pcrchlorcihylenc  is  a clear,  walcr-whitc  liquid  ai  ordinary  icmpcraturcs.  Ii  is  com- 
pletely miscible  with  most  organic  liquids.  The  stabilized  product.  Pcrchlor,  can 
be  used  with  any  of  the  common  construction  metals. 


Chemical  Names:  Tciradiloroelhylene: 

Heal  of  Vaporization 

pcrchloiocthylene 

ai  760  mm  Hg.  cal/g 

Chemical  Formula:  CChCCh; 

Blu/lb 

Vapor  Density  al  121.1®C 
and  760  nini  *Hg,  g/l 

Ib/fi-’ 

a-' 

Specific  Gravity  of  Vapor 

(air=  J) 

Vapor  Pressure  al  20X. 
mm  Hg 

50.1 

90.2 

5.22 

0.326 

5.83 


14.2 
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Table  3.43:  (continued) 


TYPICAL  PROPERTIES 


Molecular  Weight 

165.85 

Evaporation  Rate  at  77®F 

Boiling  Point.  °F 

250.0 

(25T)  (ether  = 100) 

9 

121.1 

gal/(ft2)  (day) 

0.15 

Freezing  Point.  °F 

-8.2 

Flammability  Nonflammable 

T 

Pounds  per  Gallon  at 

-22.3 

Viscosity  at  20®C.  cps 
Solubility  at  25®C, 

0.88 

68°F  (20X  ) 

13.57 

g Perchlor/ 100  g water 

0.015 

Kilograms  per  Liter 

g water/100  g Perchlor 

0.0105 

at  20X 

1.63 

Azeotrope  with  Water, 

Refractive  Index,  n^^ 

1.5053 

Boiling  Point,  ®F 

189.2 

Dielectric  Constant  at 

X 

87.7 

1000  cpsand  25X. 
Specific  Heat  at  20°C 

2.365 

Azeotropic  Water  Content,  wn  % 

15.8 

cal/(g)  rOor  Btu/(lb)CF) 

0.205 

Permissible  Exposure  Limit 

Flash  Point  (Tag  open  cup) 
Fire  Point  (Tag  open  cup) 

None 

None 

(8-hour  TWA)  ppm 

100 

Specification  and  Typical  Analysis, 
PPG  Perchlor,  AM  Grades: 


Typical 

Specification 

Analysis 

Appearance 

Clear,  free  of 

Clear,  free  of 

suspended  matter 

suspended  matter 

Color,  APHA 

15  maximum 

8 

Odor 

Characteristic; 

Characteristic; 

no  residual 

no  residua) 

Spot  Test 

No  spot  or  stain 

No  spot  or  stain 

Specific  Gravity,  20°C/20°C 

1.623  to  1.628 

1.624 

Nonvolatile  Residue,  wt  % 

0.0025  maximum 

0.0003 

Free  Chlorine 

None 

None 

Moisture 

No  cloud  at  0°C 

No  cloud  at  ~SX 

Distillation  Range  (100%),  X 

120.0  to  122.0 

120.8  to  121.6 

X 

248.0  to  251.6 

249.4  to  250.9 

pH 

— 

Drycleaning.  6.8 
Degreasing,  8.4 

PerchJoroethylene  (53) 

Water  Content  vs.  Cloud  R. 
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Table  3.44;  Propylene  Chlorohydrin  (7) 

Chlorolsopropyl  Alcohol  CH3ChOHCH2CI 

Propylene  chlorohydrin  is  a colorless  liquid  with  a milk  odor;  it  is  freely 
soluble  in  water.  It  is  largely  used  In  organic  syntheses,  for  the  purpose 
of  introducing  the  hydroxypropyl  group. 

PHYSICAL  PROPERTIES 

Acidity  as  HCl 
Absolute  viscosity  @Z0*C 
Apparent  specific  gravity  @20/20*C 

Boiling  point  @760  mm  Hg 

§50  mm  Hg 
10  mm  Hg 

Coefficient  of  expansion  @55*C 

Constant-boiling  mixture  @760  mm: 

Chlorhydrin  approx.  46% 

Water  54% 

Flash  point  (Cleveland  O.  C.  ) 

Molecular  weight 
Solubility  in  water 

Vapor  pressure  @Z0*C 
Weight  per  gallon  @Z0*C 


0.  02%  by  wt 

4.  7 centipoises 

1.  11Z8 

127. 4’C 
59*C 
31  *C 

0. 00097 

B.  P.  95.  4*C 

125*F 
94.  54 

Miscible  in  all  propor- 
tions 

4.  9 mm  Hg 
9.  29  lb 


Table  3.45:  Propylene  Dichloride  (7) 


1 ,2-DlchIoropropane 
Propylene  Chloride 

PHYSICAL 

Acidity  as  HCl 

Boiling  point 

Boiling  range  @760  mm 

Coefficient  of  expansion  per  *C 

Dielectric  constant, 

85.  8 kilocycles 

Explosive  limits  in  air 

Flash  point  (A5TM  O.  C.  ) 

F ree  halogen 

F reezing  point 

Ignition  temperature  in  air 

Latent  heat  of  vaporization 
@B.P. 

Nonvolatile  matter 
Refractive  index 
Solubility  in  water  @20  *C 

Solubility  of  water  in  solvent 
@20*C 

Specific  gravity  @20/20 *C 

Specific  heat 

Liquid,  20  *C 

Surface  tension  @25*C 
Vapor  density  (B.  P.  , 760  mm) 
Vapor  pressure  @20*C 
Viscosity  @20 *C 
Weight  per  gallon  @20*C 


CH3CHCICH2CI 

PROPERTIES 

0.  005%  max. 

95.9*C 

93-99*C 

0, 001108-20 -C 
0. 001153-55*C 

8.  925  recip.  ohms  @26* 

Lower  = 3,  14%  by  vol.  @25 *C 
Upper  = 14.  5%  by  vol.  @100*C 

21  *C 
None 
-70*C 
557*C 

72.  2 cal/g 

0.  005  g/lOO  cc,  max. 

1.4418 
0.  26%  by  wt 

0.  07%  by  wt 
1. 157-1.  163 

0.  31  cal/g/ *C  or  Btu/lb/*F 

31.4  dynes/cm 

3.  72  g/Uter 

35.  8 mm 

0. 00865  poise 

9.  65  lb 
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Table  3.46:  1,1,2,2-Tetrachloroethane  (7) 


Acetylene  Tetrachloride 
Bonoform 

CHCl2-CHC!2 

Acidity  as  HCl 

0.  0027%  by  wt,  max. 

Boiling  point 

146. 5*C 

Coefficient  of  cubical  expansion 
Av.  /•C,  liquid 

0.000998  (15-99*C) 

Fire  point 

Nonflammable 

Flash  point 

Nonflammable 

Free  halogen 

None 

F reezing  point 

-43*C 

Heat  of  vaporization  @B.  P. 

55.  1 cal/g 

Refractive  index 

1 . 4942 

Residue  on  evaporation 

0.  00062%  by  wt 

Solubility  in  water  @25*C 

0,  32%  by  wt 

Solubility  of  water  in  solvent 
@20*C 

0.  03%  by  wt 

Vapor  pressure  @30*C 

9 mm 

Viscosity  liquid  @20*C 

1.  7 centipoises 

Water:  no  cloud  @-10*C 

0.  032%  by  wt 

Weight  per  gallon  @25*C 

13.  25  lb 

1.1,2,  Z-TETRACHLOROETHANE  FORMS  AZEOTROPES  WITH: 
% B.  P.  *C  of  Aseotrope 


45 

Butyl  propionate 

152.5 

3.  8 

Butyric  acid 

145.  7 

1.  8 

Chloroacetic  acid 

146.3 

55 

Cyclohexanone 

159.  1 

74 

2-Ethoxyethyl  acetate 

158.2 

27 

Ethyl  chloroacetate 

147.  5 

39 

Ethyl  orthoformate 

151.  5 

97 

2-Furaldehyde 

161,6 

9 

Glycol 

145.  1 

32 

Isoamyl  acetate 

150.  1 

98 

Isoamyl  alcohol 

131.  3 

37 

Isobutyl  isobutyrate 

144.9 

7 

Isobutyric  acid 

144.  8 

15 

Mesityl  oxide 

147.  5 

52 

Methyl  lactate 

143.  3 

60 

Propionic  acid 

140.  4 

34 

Propyl  butyrate 

150.2 

45 

Styrene 

143.  5 

Table  3.47:  Tetrachloroethylene  (27) 


PerchloroetWylene 

Tctrachloroethene 


PHYSICAL  PROPERTIES 


Acidity  HCl 

0.  001%  by  wt,  max. 

Boiling  point 

121. 0*C 

Boiling  range  @760  mm 

120-122*C 

Coefficient  of  cubical  expansion 
Av, /*C,  liquid 

0.  001079  (15-90*0 

Color  (Say bolt) 

22 

Dielectric  constant,  1000  cycle 

2.  20 

Dielectric  strength,  0.  1 * gap 

30,  000  volts 

Explosive  limits 

None 

Fire  point 

Nonflammable 

Flash  point 

Nonflammable 

Freeaing  point 

-22.4*C 

Latent  heat  of  vaporisation  @B,  P. 

50.  1 cal/g 

Nonvolatile  matter 

0.0007%  by  wt,  max. 

Power  factor,  1000  cycle 

0.02% 

Refractive  index 

1. 5055 

Residue  on  evaporation 

0.  0l06%bywt,  max. 

Solubility  in  water  @25*C 

0.  04%  by  wt 

Solubility  of  water  in  solvent 
@20*C 

0.  02%  by  wt 

Specific  gravity  @25/25*C 

1.618 

Specific  heat 

0.21  cal/g/ *C 

Specific  resistivity 

1.8x  lO^^ohms/cm 

Vapor  pressure  @30 *C 

28  mm 

Viscosity  @20*C 

0.  90  centipoise 

Water  content 

0.  008%  by  wt 

Weight  per  gallon  @25*C 

13.46  lb 

CCl2-Ca2 


TETRACHLOROETHYLENE  FORMS  AZEOTROPES  WITH: 

% B.  P.  *C  of  Azeotrope 


Z.i 

Acetamide 

120.  5 

38.  5 

Acetic  acid 

107.  4 

46 

Allyl  alcohol 

93.4 

52 

1 - Bromo-  3-Methylbutanc 

119.  3 

29 

Butanol 

109.0 

24.  3 

2*Chloroethanol 

IIO.O 

26 

Diethyl  carbonate 

118.6 

51.  5 

Epichlorohydrin 

110.  1 

63 

Ethanol 

76.  8 

43 

Ethyl  butyrate 

119.  5 

6 

Glycol 

119.  1 

20 

Isoamyl  alcohol 

116.  1 

35 

Isoamyl  formate 

117.  9 

40 

Isobutanol 

103.  1 

70 

Is op ropanol 

81.  7 

3 

Isobutyric  acid 

120.  5 

53 

Isobutyl  acetate 

115,  5 

35 

Isobutyl  ether 

119.  5 

55 

Isopropyl  isobutyrate 

1 19.  0 

24.  5 

2>MethoxyethanoI 

109,  7 

42 

Isobutyl  nitrate 

117.0 

52 

4-Methyl-2->Pentanone 

113.9 

32 

Paraldehyde 

1 18.  8 

48 

Propanol 

94.  1 

8.  5 

Propionic  acid 

119.2 

19.  5 

Pyrrol 

113.  4 

43 

1,  1 , 2-TrichIoroethane 

112.0 

52 

Triethyl  borate 

117.  5 

(continued) 
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VAPOR  PRESSURE  in 
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Table  3.48:  Trichlorobenzenes 


I.  2, 3- 

1.2,4- 

1.  3.  S- 

TRiCHLOROBCNZENE 

TRICHLOROBENZENE 

TRICHLORO  BENZENE 

Cl 

Cl 

Cl 

Qe:  0“  -Oc' 


Synonym: 

vic-Trichloro- 

una-Tric  hioro- 

sym-Trichtoro- 

Physical  state 

White  crystals 

Colorless  liquid 

White  crystals 

Boiling  point: 

221  *C 

213'C 

208.  5*C 

@ 760  mm 

(429.  «‘F) 

(415.4'F) 

(407.  3-F) 

Density; 

25/i5*C 

1 . 69  (solid) 

1.451  (liquid) 

Flash  point; 

1 1 3-C 

110*C 

107*C 

(Tag  C.C.) 

(235.  4-F) 

(230.  0*F) 

(224. 6*r) 

Index  (|J)  of 
Refraction: 

1.  S776 

1. 5732 

1 . 5662 

Table  3.49: 1,1,1-Trichloroethane  (53) 


TLV  TWA  Values 


SOLVENT 

TLV-TWA" 
(ppm  in  air) 

Solvent  111®  (1,1,1-trichloroethane) 

350 

Trichloroethylene 

50 

Perchloroethylene 

50 

Methylene  Chlori(Je 

100 

Chloroform 

10 

1 ,1 ,2-trichloroethane 

10 

Stoddard  Solvent 

100 

Toluene 

100 

Xylene 

100 

Turpentine 

100 

Methyl  Alcohol  (Methanol) 

200 

Benzene 

10 

*1985-86  values 


(continued) 
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Table  3.49:  (continued) 


Specifications  for  SOLVENT  111 
General  Purpose  Grade 


COMPONENT 

SPECIFICATIONS 

Appearance 

Clear,  free  from 

suspended  matter 

Color,  APHA 

15  max. 

Specific  Gravity  @ 25/25®C 

1 318-1  324 

Distillation  Range,  ®C. 

760  mm  IBP  to  DP 

72  - 88 

Free  Halogens 

None 

Acidity,  as  HCI 

0.001  % by  wt  max. 

Nonvolatile  Matter 

0 001  % by  wt.  max. 

Water 

0 0100%  by  wt.  max 

Purity; 

1,1,1-trichloroethane  content 

96  0%  by  wt  min. 

1,1.1-trichlorethane  content 

95  0%  by  vol.  min. 

Individual  halogenated  impurities 

0 5%  by  wt  max. 

Total  halogenated  impurities 

1 .0%  by  wt.  max 

Acid  Acceptance,  as  NaOH  (ASTM  D-2942) 

0 20%  by  wt  min 

Aluminum  Corrosion  Test 

Passes  O-T-620C 

Metals  Corrosion  Test 

Passes  MIL-T-81533A 

Stability  (accelerated  oxidation  test) 

Passes  MIL-T-81533A 

Solvent  111®,  General  Purpose  Grade  meets  requirements  of  Federal  Specification  OT- 
620c  (1,1,1-trichloroethane,  technical)  and  Military  Specification  MIL-T-81533A 
(1,1,1-trichloroethane,  vapor  degreasing  ) 


Aerosol  Grade 


COMPONENT 

SPECIFICATIONS 

Appearance 

Clear,  free  from 

Color,  APHA 

suspended  matter 
15  max. 

Specific  Gravity  @ 25/25°C 

1 295  - 1.303 

Distillation  Range,  °C. 
760  mm.  IBP  to  DP 

68  - 78 

Free  Halogens 

None 

Acidity,  HCI 

0 001  % by  wt.  max 

Nonvolatile  Matter 

0 001  % by  wt  max. 

Water 

0 0100%  by  wt  max 

Purity: 

1,1,1-trichloroethane  content 

95  0%  by  wt.  min. 

1,1,1-trichloroethane  content 

95.0%  by  vol  min 

Individual  halogenated  impurities 

0.5%  by  wt.  max. 

Total  halogenated  impurities 

1 .0%  by  wt.  max. 

Acid  Acceptance  as  NaOH 

0.20%  by  wt.  min. 

(continued) 
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Table  3.49:  (continued) 


Physical  Properties  of  SOLVENT  111 


Chemical  Formula 

Molecular.Weight 

Freezing  Point,  ®C 

Boiling  Point  at  1 atm,  ®C , . . 

Heat  of  Vaporization  at  Boiling  Point,  cal/g 

Btu/lb 

Specific  Heat,  Liquid  at  20®C,  cal/g/®C  (Btu/lb/®F) 

Critical  Temperature,  ®C 

Critical  Pressure,  atm  

Thermal  conductivity.  Liquid  at20®C,  Btu/hr/ftV®F/ft 

Specific  Gravity  of  Liquid,  25/25®C 

Liquid  Density,  pounds  per  gallon  at  25°C 

Average  Coefficient  of  Cubical  Expansion,  Liquid,  per  ®C,  (0  to40®C) 

Specific  Gravity  of  Vapor  at  1 atm  at  bp(air=1) 

Viscosity,  Liquid  at  20®C,  cP 

Surface  Tension  at  25®C,  Dynes/cm 

Solubility  at  25®C, 

g Solvent  111®  in  100  g water 

g Water  in  100  g Solvent  111®  

Refractive  Index  nD,  Liquid  at  20®C  

Liquid  at  25®C  

Dielectric  Strength,  Liquid  at  25®C,  kV,  (ASTM  D 877) 

Dielectric  Constant,  Liquid,  100  kHz,  at  25®C  (ASTM  D 924) 

Vapor  Pressure 

Density  of  Liquid  

Flash  Point  (ASTM  D 1310) 

Explosion  Point  (ASTM  D 1310) 

Autoignition  Temperature,  ®C 

Flammable  Range,  %v  in  Air  at  25®C 

Evaporation  Rate  (Ether=  100) 

Binary  Azeotropes: 


Component 

% by  wt 

Boiling  Point 

Water 

4.3 

65.0®C  (149®F) 

Methanol 

23.0 

55.5®C  (132®F) 

Ethanol 

17.4 

64.4®C  (148®F) 

Isopropanol 

18.2 

68.7®C  (155.6®F) 

n-Propanol 

7.1 

72.3®C  (162®F) 

Hexane 

28.9 

60.0®C  (140®F) 

CCI3CH3 

133.4 

-37.9 

. . 74.1 

54.4* 

98* 

. 0.25* 

. . 272.5* 

39.8* 

. 0.080 

. 1.319 

. .10.97 

.0.00116 

4.6 

. 0.86 

25.5 

.0.07 

0.04 

. 1.4374* 
1.435 

25 

7.0 

5 

6 

. None 
None 

458 

.7.5-15.0 

35 


Values  for  unstabilized  1,1,1-trichloroethane 


(continued) 


Vapor  Pressure  mm  Hg 


Table  3.49:  (continued) 


Vapor  Pressure  of  SOLVENT  111 


Density  of  SOLVENT  111 


Temperature 


Temperature 


(continued) 
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Table  3.49:  (< 


2 

3 


195 

190 

185 

180 

175 

170 

165 

160 


1.3 


§ 

<M 


>• 

*5 


I 


1.2 


1.1 


1.0 


Halogenated  Hydrocarbons 


Table  3.49;  (continued) 


Comparative  Physical  Properties'— Chlorinated  Solvents 


Propcrtiei 

Solvent  111® 

Trichloro- 

Perchloro- 

Methylene 

Boiling  Point 
(760mm'  Hg).  (*»C) 

165  (74) 

ethylene 

188  (86  7) 

ethylene 

250  (121) 

Chloride 

104  (39.8) 

Freezing  Point,  ®F  (®C) 

-36(-38) 

-122(-85.5) 

-9(-22) 

-142(-97) 

Liquid  Specific 
Gravity,  25/25®C 

1.319 

1.456 

1.620 

1.320 

Specific  hleat  of 
Liquid  at  20^C, 
(cal/g/oC) 
or  (Btu/lb/®F) 

0.25 

0.23 

0.21 

0.28 

hleat  of  Vaporization, 
cal/g 

54.4 

57.2 

50.8 

78.7 

Btu/lb 

98.0 

103 

91.4 

141.7 

Refractive  Index 
at  25®C 

1.435 

1.473 

1,503 

1.424 

Viscosity  at  20®C, 
cP 

0.86 

0.58 

0.88 

042 

Density  at  25®C, 
(Ibs./gal) 

10.97 

12.10 

13.47 

10  98 

Flash  Point 

None 

None 

None 

None 

Fire  Point 

None 

None 

None 

None 

Vapor  Density  at  bp. 
Ib/ft’ 

0.279 

0 278 

0326 

0.206 

Vapor  Specific 
Gravity  (air=1.0) 

4.55 

4 54 

5.73 

293 

Kauri-butanol  value 
(ASTM  D 1133) 

124 

129 

90 

135 

Evaporation  Rate, 
Ether  = 100 

35 

28 

9 

71 

Carbon  Tetra- 
chloride=100 

100 

84 

39 

147 

Energy  required  to 
convert  1 lb.  liquid 
at  70®F  to  vapor  at 
bp  and  1 atm,  (Btu) 

127 

124 

125 

151 

Energy  required  to 
convert  1 gal.  liquid 
at  70®F  to  vapor  at 
bp  and  1 atm,  (Btu) 

1410 

1500 

1690 

1660 
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Table  3.50:  1,1,2-Trlchloroethane  (7) 

beta-Trich  I oroethane 

Vinyl  Trichloride  Cl— CH2CH— CI2 

Ethylene  Trichloride 

PHYSICAL  PROPERTIES 


Acidity  as  HCl 
Boiling  point  @760  mm 
Boiling  range  @760  mm 
Fire  point 
Flash  point 
F ree  halogen 
F reezing  point 
Latent  heat  of  evaporation 
Nonvolatile  matter 
Refractive  index 
Solubility  in  water  @25 *C 


0.  0001%  by  wt,  max. 

113.  5'C 

111.  8-113.  3*C  (5-95%) 

Nonflammable 

Nonflammable 

None 

~36.  7*C 

B.  P.  68.  7cal/g 

None 
1.4711 

0.48  g/lOO  g 


Specific  gravity  @20/4*C 

Specific  heat 

Liquid.  20 *C 

Specific  resistivity 

Vapor  density  (B.  P.  , 760  mm) 

Vapor  pressure  @30*C 

@90*C  (194T) 

@100*C  (212*F) 

@110*C  (230*F) 

@114*C  (237*F) 


Water 

Weight  per  gallon  @20*C 


Solubility  of  water  in  solvent 

@20*C  0.03  g water/100  g 


Table  3.51:  Trichloroethylene  (7)(27) 


l , 2, 2-Trichloroefhylene 


PHYSICAL  PROPERTIES 


Acidity  as  HCl 

Not  more  than  0.  001% 

Boiling  point 

86.7-C 

Boiling  range  @760  mm 

95%  or  better  distills 
from  86.  0-87.  5*C 

Coefficient  of  expansion  per  *C 

0.00115-20*C 

Color  (Saybolt) 

24  max. 

Dielectric  constant.  1000  cycle 

3.27 

Fire  point 

Nonflammable 

Flash  point  (ASTM  O.  C.  ) 

None  @B.  P. 

Free  chlorine 

None 

Freezing  point 

-86.4*C 

Latent  heat  of  vaporisation  @B.  P. 

57.  3 cal/g 

Nonvolatile  matter 

0.  00067%  by  wt*  max. 

Power  factor.  1000  cycle 

2.2% 

Refractive  index  @27 *C 

1.4735 

Solubility  in  water  @25*C 
Solubility  of  water  in  solvent 

0.  10%  by  wt 

@25*C 

0.  02%  by  wt 

Specific  gravity  @20/20  *C 

1.4655 

Surface  tension  @25*C 

32.  0 dynes/cm 

Vapor  pressure  @-20*C 

4.  5 mm 

@-  9-C 

9.  0 mm 

@ 0*C 

17.  4 mm 

@ 20  *C 

56.  0 mm 

@ 40*C 

145  mm 

@ 50  *C 

230  mm 

@ 65*C 

385  mm 

@ 77  *C 

562  mm 

Viscosity  @25 *C 

0.  00550  poise 

Water  content 

0.002%by  wt 

Weight  per  gallon  @Z0*C 

12.20  lb 

1.441 

0.  266  cal/g/*C 
5.  2 X 10®  ohms/cm 
4.21  g/Uter 

36  mm 
369  mm 
505  mm 
680  mm 
764  mm 

0.  007%  by  wt.  max. 
12.04  lb 


(continued) 


chlorethylene— Vapor  Pressure/Temperature  Variation 
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Table  3.51:  (continued) 


CHCI-CCI2 

TRICHLOROETHYLENE  FORMS  AZEOTROPES  WITH: 

% B.  P.  *C  of  Azeotrope 


3.  8 

Acetic  acid 

87.0 

16 

Allyl  alcohol 

81.0 

7.  5 

tert-Amyl  alcohol 

86.7 

2.  5 

Butanol 

86.9 

33 

tert*  Butanol 

75.  8 

12 

1»  2-Dichloroethane 

82.9 

46. 

Di  ethoxy  methane 

89.  29 

8 

Isobutanol 

85.4 

30 

Isopropanol 

75,  5 

17 

Propanol 

81.8 

80 

Propyl  formate 

79.  5 

27 

Ethanol 

70,9 

Trichloroethylene  (53) 
Water  Content  vs.  Cloud  Pt. 


Density — pounds  per  gallon 


Table  3.52:  Density  of  Chlorinated  Solvents  (53) 


"C  '10  0 10  20  30  40  50 

14  32  50  68  86  104  122 

Temperature 


'C 


Vapor  Pressure,  mm.  of  Mercury  Vapor  Pressure,  rrwn.  of  Mercury 


Table  3.53:  Vapor  Pressure  of  Chlorinated  Solvents  (53) 


Temperature 
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Table  3.54:  Trichloropropane  (7) 


CH2CICHCICH2CI 


PHYSICAL  PROPERTIES 


Analysis.  % W 


Trichloropropane 

97.0 

Epichlorohydrin 

1.  5 

Glycerol  dichlorohydrin 

1.5 

Color,  Pt-Co 

15 

Distillation  range 

, IBP 

150*C 

90% 

156. l*C 

95% 

156. 1*C 

DP 

156.  6*C 

Flash  point 

165T 

Molecular  weight 

147.  44 

Refractive  index 

1.4832 

Specific  gravity  @20/20 *C 

1.  385 

1,2,  3 -TRICHLOROPROPANE  FORMS  AZEOTROPES  WITH 

% 

B.  P.  *C  of  Ascotrope 

35 

Camphene 

152.9 

30 

2,  7-Dimethyloctane 

155.  5 

15 

a-Pinene 

150.0 

Table  3.55:  Triglycol  DIchloride  (7) 


CI(CH2CH20)2CH2CH2CI 


PHYSICAL  PROPERTIES 


Acidity  as  HCl 
Boiling  point  @760  mxn 
Boiling  range  @760  mm 

Color  (Pt*Co  scale) 
Dryness  @20*C 


0.01%  by  wt,  max. 
241. 3*C 

Not  more  than  5%  die 
tiUs  below  235*C 
Not  less  than  95%  die 
tills  below  242  *C 

25  max. 

Miscible  with  19  vol. 
60*Be  gasoline 

2 SOT 

1. 89%  by  wt 
0.  83%  by  wt 
1. 1950-1.2000 
0.  06  mm 
9.97  lb 


Flash  point  (O.  C. ) 

Solubility  in  water  @20 *C 
Solubility  of  water  in  solvent  @20*C 
Specific  gravity  @20/20 *C 
Vapor  pressure  @20*C 
Weight  per  gallon  @20*C 
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Table  3.56:  Vinyl  Chloride  (7) 

Monoch  I oroethy  I ene 


CH2”CHCI 


PHYSICAL  PROPERTIES 


Acetaldehyde 

Boiling  point  @760  mm 

Boiling  range  @760  mm 

Color 

Freecing  point 

Heat  of  evaporiaation 

Reeidue 

Specific  gravity  @B.  P. 
Specific  heat 

Solubility  in  water  @25 *C 
Weight  per  gallon  @Z0*C 


Not  more  than  0.  5%  by  wt 
-13.9*C 

Not  Icsa  than  95%  diatilla  over 
before  the  temperature  of  the 
liquid  reaches  10*C 

Water -white 
-159.  7 *C 
81.  6 cal/g 

Not  more  than  0.  5%  by  vol. 
0.97 

0.27  c«l/g/*C 
Slightly  soluble 
7.  59  lb 


Table  3.57:  VInylldene  Chloride  (23) 


Molecular  Weight  (theoretical)  96.95 

Odor  Pleasant,  Sweet 

Appearance  Clear  liquid 

Color  10-15  APHA 

Solubility  of  monomer  in  H-.-0  at  25  °C, 
weight  % 0.021 

Solubility  of  H^O  in  monomer  at  25*C, 
weight  % 0.035 

Boiling  Point  (760  mm  Hg).  "C  31.56 

Freezing  Point,  *C  -122.5 


Vapor  Pressure 

log  P„«,  = 6.98200- 1104.29/(1  + 237.697) 
Temperatures  calculated  at  selected  pressure 

PrasMr*  (mm  Ng) 

760 

400 

200 

100 

60 

40 

20 

10 

5 

1 


(continued) 


148  Industrial  Solvents  Handbook 


Table  3.57:  (continued) 

Liquid  density 

T«m|Mirotvr«  (^C) 

--20 

0 

-f20 

Pounds/ gallon 

T«fVi|M»ratur«  (^C) 

-20 

0 

20 


1.430e2 

1.42777 

1.42468 


VlH*«try  (dM) 

0.4478 

a3939 

0.3302 


index  or  Refraction 

T4NM|M»ra»wr«  (^C) 

10 

15 

20 

Absolute  Viscosity 

T«fnp*r0»ur«  (^C) 

-20 

0 

+20 


Flash  Point  (Tag  closed  cup)  *F 

Explosive  limits  in  air  (28*0,  % 

Aulo-jgnilion  temperature, 

Q Value 

e Value 

latent  Heat  of  Vaporization, 

▲ Hv  cal/mole  at  25"C 

at  Boiling  Point 

Latent  Heat  of  Fusion,  ▲ Hm  cal/mole 

Heal  of  Polymerization, 

A Hp  k cal/mole  at  25 **0 
AHp  BTU/lb  at  77-F 

Heat  of  Combustion,  Liquid  Monomer 
A He  k cal/mole  

Heat  of  Formation, 

Liquid  Monomer,  A Hr  k cal/mole 
Gaseous  Monomer,  A Hr  k cal/mole 

Heat  Capacity,  Liquid  Monomer, 

Cp  cal/mole  deg  at  25.15*C  


0 

7.3.16.0 

1058 

0.22 

0.36 

«6,328  ±0.3% 
=.6,257  ± 0.3% 

= 1,557 

= -18,0  ±0.9 
= 334  (exothermic) 

= 261.93  ±a3 

= — 6.0  ± 0.3 
= +0.3  ± 0.3 

=3  26,745 


Heat  Capacity,  Ideal  Gas  State 

Cp  cal/mole  deg  at  25.15*C  * 16.04 

Critical  Temperature,  Tc  *C  =*  222 

Critical  Pressure,  P,  Atmospheres  = 51.3 

Critical  Volume,  V«  cmVmole  = 219 
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Table  3.58:  Alpha  Cleaning  Solvents  {62) 


Alpha  564M  and  565 

Alpha  564M  and  565  are  functionally  dzeotropic 
blends  of  a chlorinated  solvent  and  a polar 
component,  designed  for  effective  cleaning  of  post- 
soldering flux  residues  from  pcb's  and  other 
electronic  assemblies.  Both  formulations  have  no 
flash  points.  Compared  to  the  fluorocarbons,  they 
are  more  aggressive,  more  effective  cleaners,  yet 
lower  in  cost. 

564M 

Perchlorethylene  and  propylene  glycol  monomethyl 
ether. 

565* 

1,1.1,-Trichloroethane  and  n-propyl  alcohol. 

PHYSICAL  PROPERTIES^ 


Property 

564  M 

565 

Specific  Gravity 

1.540 

1.285 

± 0.010 

± 0.005 

Lb./Gal. 

Residue  on  Evaporation 

12.81 

10.69 

(ppm  max.) 
Alkalinity  (calc. 

25 

10 

as  ppm  NaOH) 
Acidity  (calc,  as 

50  (max.) 

— 

ppm  HCI) 

Acid  Acceptance  (calc. 

— 

10  (max.) 

asWt.  %NaOH) 

0.07,  Min. 

0.15,  Min. 

Appearance 

clarity 

Clear 

color  (Max.  A. P.H. A.) 

40 

15 

Bolling  Point 

118°C 

74°C 

(244°F) 

(165°F) 

Freezing  Point 

<0*^C 

-34  C 

Vapor  Density  at 
Boiling  Point  (lb./ 

(<32‘^F) 

(-30°F) 

cu.  ft)^ 

Latent  Heat  of 
Vaporization  at  Boiling 

0.307 

0.272 

Point  (Btu/lb.)=^ 
Specific  Heat 

100 

133 

(Btu/lb./”F)* 
Vapor  Pressure 

0.244 

0.268 

(mm  Hg)*  (a*  20°C 
Surface  Tension 

14.0 

92.8 

(dyne/cm.)  20°C* 
Kauri>Butanol 

31.9 

25.0 

Value 

Evaporating  Rate 

182 

206 

(relative)^ 

Solubility  of  Water  in 

0.21 

0.55 

Solvent  (grams/1  OOcc)  <0.1 

0.2 

Toxicity  (TLV)* 
Flash  Point* 

100 

345 

Tag  Open  Cup 

NONE 

Tag  Closed  Cup 

NONE 

Fire  Point 

NONE 

NOTES: 

1.  Unless  specified,  properties  are  at  room 
temperature  (25°C;  77®F)  and  1 atmosphere 
(760  mm  Hg). 

2.  Calculated  values. 

3.  Relative  evaporation  rate  calculated  with  a 
value  of  1.00  assigned  to  FC113. 

4.  As  per  OSHA  recommendations. 


Alpha  1001  and  1003 

Alpha  1001  and  1003  are  azeotropes  of  Fluoro- 
carbon 112  (tetrachlorodifluoroethane)  and  polar 
alcohols  formulated  for  effective  cleaning  of  post- 
soldering  flux  residues  from  pcb’s  and  other 
electronic  assemblies.  Compared  to  chlorinated 
solvents,  they  are  less  aggressive  and  can  be  used 
on  normally  solvent-sensitive  plastic  materials. 
They  are  more  effective  solvents  than  Fluorocarbon 
113  (trichlorotrifluoroethane)-based  products, 
because  of  the  extra  chlorine  atom. 

1001 

Contains  28%  isopropyl  alcohol  and  has  a Tag 
Open  Cup  Flash  Point  of  85  ®F. 

1003 

Contains  15%  n-propyl  alcohol  and  has  no  TOC 
Flash  Point  below  its  boiling  point  of  180 ®F. 


SPECIFICATIONS’ 


Property 


1001  1003 


Specific  Gravity  1.254  ±0.020  1.423  ±0.020 

Lb./Gal.  10.42  11.83 

Residue  on 


Evaporation 

(ppm  max.) 5 


pH  of  Water  Extract 
Min.  Acid  Acceptance 
(cal.  as  Wt. 

% NaOH) 
Appearance 
clarity 
color  (Max. 

A.P.H.A.) 

Neutral 

0.50  0.22 

Clear 
15 

Boiling  Point 

76°C(168’F)  82“C(180°F) 

Freezing  Point 

-14‘*C  (O^F) 

6“C  (43  *F) 

Vapor  Density  at 
Boiling  Point 
(lb./cu.  ft.)* 

0.268 

0.323 

Latent  Heat  of 


Vaporization  at 
Boiling  Point 


(Btu/lb.)* 
Specific  Heat 
(Btu/lb./“F)* 
Vapor  Pressure 
(mm  Ha)^ 

128 

0.323 

42.0 

100 

0.271 

39.7 

Kauri-Butanol  Value* 

71 

Evaporation  Rate 
(relative)* 

0.53 

Solubility  of  Water 
in  Solvent  (grams/ 
100  cc) 

5.6 

1.8 

Toxicity  (TLV)* 

470 

455 

Flash  Points* 
Tag  Open  Cup 

29  “C  (85  “F) 

None  to 

Tag  Closed  Cup 

None 

Boiling 

None 

Fire  Point 

29  X (85  "F) 

None 

Notes: 

’Unless  specified,  properties  are  room  temperature 
(25 ®C;  77 ’’F)  and  1 atmosphere  (760  mm  Hg). 
^Calculated  values. 

^Major  constituent  only. 

^Relative  evaporation  rate  calculated  with  a value 
of  1.00  assigned  to  F113. 

*As  per  OSHA  recommendations.  Use  of  Cleveland 
Open  Cup  Test  yields  values  significantly  higher. 
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Table  3.59:  Ashland  Chlorinated  Solvents  (69) 


PRODUCT 

LB. /GAL. 
25'’/25°C 

SP.  GR. 
25'’/25*C 

BOILING  RANGE 

oc  pp 

FL.  PT. 
TCC 

EVAP, 

RATE> 

Methylene  Chloride 

11.0 

1.321 

39.4-40.4 

103-105 

None 

14.5 

Chloroform 

12.3 

1.481 

60-62 

14ai43 

None 

— 

1,  1,  1-Trichlorethane 

10.9 

1.312 

72-88 

162-190 

None 

4.6 

Cartx)n  Tetrachloride 

13.2 

1.582 

76-77 

169-171 

None 

6.0 

Ethylene  Dichloride 

10.5 

1.2B0 

83-85 

18ai84 

70 

4.5 

Trichlorethylene 

12.1 

1.456 

86-88 

187-190 

None 

2.6 

Propylene  Dichloride 

9.6 

1.157 

92-99 

198-210 

64 

3.2 

Perchlorethylene 

13.5 

1.619 

12ai22 

248-252 

None 

2.1 

Monochlorobenzene 

9.2 

1.101 

131-133 

268-271 

82 

1.07 

Orthodichlorobenzene 

10.9 

1.308 

180-183 

356-361 

155 

0.15 

’ n-Butyl  Acetate  = 1 

Table  3.60:  Chemcentral  Chlorinated  Solvents  (67) 


CHLORINATED  SOLVENTS 

CAS 

Mote 

Weigh! 

Specific 

Gravity 

25/25”C 

Pounds 

Per 

Gallon 
ci  25=*C 

Coeff. 

of 

Expan. 
Per  °C 

A spec. 
Gravity 
Per 

«c 

Refrac- 
tive 
Index 
@ 25°C 

Dlstiitalion  Range 
760  mm  Hg 

’C 

1 1 1 TRtCHLOROETHANE 

71  55-6 

1 ,T.T  4 

1 320 

10  97 

0 00125 

0014 

1 434 

74  90 

165  194 

ethylene  dichlorjoe 

107-06  ? 

99  0 

1 252 

10  42 

0 00117 

0012 

1 4427 

als  85.5 

179  186 

methylene  chloride  tech. 

75-09  2 

84  9 

1 320 

10  98 

0 0014 

0016 

1 421 

40  0 40  8 

104-105  5 

MONOCHLOROBENZENE 

108  90  7 

112  6 

1 105 

9 19 

1 5215 

131.7-132 

269  270 

ORTHODICHLOROBENZENE 

95-50-1 

147.0 

1.303 

10.34 

0.00083 

.0006 

1.6482* 

180-183 

356-362 

PERCHLORETHYLENE 

127  18-4 

165  8 

1619 

13  47 

0.00102 

0012 

1 5029 

121-123 

250  254 

trichlorethylene -E*tracln 

79-01  6 

1314 

1 459 

12  14 

0 00117 

00006 

1 478  b 

87-88 

IBS  190 

TRICHLORETHYLENE-Degr  9 

79  01  6 i 

1314 

1 456 

12  11 

~ o’ool  r? 

00006 

1 478  b 

87-88 

188-190 

CC  p49 

i 370 

1141 

^o^om3 

0015 

1.44 

39-123 

103  254 

SC  #49  COLD  PEGREASER 

■■ 

0-939  ^ 

7.82 

42-201 

108-386 

SC  P149  COLD  DEGREASER 

0.947 

7 89 

42-160 

106-320 

CHLORtNATED  SOLVENTS 

Vapor 

Press. 

20  “C 
mm  Hg 

Evaporation  Rate 

Kauri 

Butanol 

Value 

CC. 

Freeze 

Point 

«C 

Flash 
Point 
Tag  O.C. 
»F 

Explosive  Limits 
% by  VoL  in  Air 

Solu- 

bifity 

Param- 

eter 

Minutes 

Carbon 
Tet=  1 

n-Bu!yi 
Ace.  = 1 

Lower 

Upper 

11,1.  TRICHLOROETHANE 

too  0 

1 0 

10 

6.0 

124 

3 7 9 

NONE 

8 0 

10  5 

8 b 

ETHYLENE  DICHLORIDE 

61  6 

1 3 

0 77 

4 46 

84 

35  r 

56® 

6 2 

15  9 

9 8 

methylene  chloride  tech 

340 

04 

2 5 

14  5 

136 

97 

NONE 

NONE 

NONE 

9 7 

MONOCHLOROBENZENE 

3000 

5 4 

0 19 

1 07 

nj 

45  6 

82® 

1 3 

7 1 

9 5 

ORTHODtCHLOROBENZENE 

0.348 

38.0 

0.03 

0.15 

"'240  " 

-22 

Teo 

2.2 

9.2 

10.0 

PERCHLORETHYLENE 

13  0 

2 8 

0 34 

2 1 

92 

22  4 

NONE 

NONE 

NONE 

9 3 

rRICHLOREfHYLENE  Extraci  r. 

59  0 

1 3 

0 77 

4 46 

86  4 

NONE 

8 0 

to  5 

9 3 

TRICHLORETHYLENE  Deqr  g 

59  0 

1 3 

0 77 

4 46 

1 29 

86  4 

NONE 

8 0 

10  5 

9 3 

CC  #49 

345  0 

1 3 

0 77 

4 46 

NONE 

NONE 

NONE 

9 6 

$C  #49  COLD  DEQREA3ER 

“300 

0.03 

0.17 

8.0 

SC  #149  COLD  DEGREASFH 

10  0 

0 1 

0 5 

8 3 
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Table  3.61:  Dow  Chemical  Chlorinated  Solvents  (23) 

Physical  Properties  of  Chlorinated  Solvents 


SOLVENTS 

METHYLENE 

INHIBITED  U1- 

TRICHLORO 

PERCHLORO- 

PROPERTIES 

CHLORIDE 

TRICHLOROETHANE 

ETHYLENE 

ETHYLENE 

Chemical  Formula 

CHjCI^ 

C?H3Cl3 

C2HCI3 

CpCI, 

Molecular  Weight 

84.9 

133.4 

131.4 

165.8 

Boiling  Pt.  @ 

103. 5°F 

165°F 

189°F 

250°F 

760  mm  Hg 

(39.7°C) 

(74X) 

(87°C) 

(121.rC) 

Freezing  Point 

-139°F 

(-95X) 

-34  °F 
(-37X) 

-124°F 

(-86.7°C) 

-9°F 

(-22.8°C) 

Specific  Gravity 
@ 25/25°C 

1.32 

1.32 

1.456 

1.619 

Pounds  per  Gallon 
@25°C 

10.98 

10.97 

12.11 

13.47 

Vapor  Density 

2.93 

4.60 

4.53 

5.76 

(air  = 1.00) 

Specific  Heat  @ 25  °C 
cal/g°C 

0.283 

0.259 

0.226 

0.209 

Heat  of  Vaporization  @ 

Boiling  Point 
cal/g 

78.9 

56.7 

56.4 

50.1 

BTU/lb 

142 

102 

101.6 

90.2 

Refractive  Index 
@25°C 

1.421 

1.434 

1.474 

1.503 

Viscosity  @ 25  °C 

0.41 

0.79 

0.54 

0.84 

centipoises 

Flash  Point  Tag  Open  Cup 

ASTM,  Method  D-1310 
Tag  Closed  Cup  ASTM, 

none 

none 

none 

none 

Method  D‘56 

none 

none 

none 

none 

Solubility  (g/100g)@25°C 

HjO  in  solvent 

0.17 

0.05 

0.04 

0.0105 

solvent  In  HjO 

1.70 

0.07 

0.10 

0.015 

Surface  Tension  (dynes/cm 
@ 25 °C) 

27.1 

25.1 

28.7 

31.8 

Kauri  Butanol  Value 

136 

124 

129 

90 

Solvent -Water  Azeotropic 

100.6°F 

149°F 

164“F 

190°F 

Boiling  Point 

(38.1  °C) 

(65°C) 

(73.3“C) 

(87.8°C) 

Flammable  Limits  (volume  % 

of  solvent  in  air)  @25°C 
Lower  Limit 

14 

7.5 

8.0 

none 

Upper  Limit 

22 

12,5 

9.2  (saturation) 

none 

(continued) 
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Table  3.61 : (continued) 


Relative  Evaporation  Ratest 


n-Butyl  acfitatfi 

1.0 

Fthanol* 

1.4 

Pfirnhlnrofithylfinp 

1.5 

Methyl  aicnhol 

2.1 

Trichloroethylene 

3.0 

Methyl  ethyl  ketone 

3.9 

1,1,1‘Thchlomethane 

4.6 

Acetone 

5.7 

Methylene  chloride 

7.0 

•95%  El  OH.  5%  H,0 

tEvaporation  rates  measured  with  respect  to  n-butyl  acetate.  Larger  numbers  reflect  taster  evaporation.  As  measured  by  ASTM  D3539-76. 


Methylene  Chloride  Compatibility  with  Plastics,  Elastomers  and  Rubbers 


% Linear  Swell 

Plastics  Initial  After  Drying 

Polypropylene  (General  Purpose  Grade)  3.5  0 

Polyethylene  33(X)  (High  Density)  1.0  0 

Polyethylene  (Linear)  3.0  -0.5 

Polyallomer  (Ethylene  Propylene  Copolymer)  4.0  0 

Acetate  (Cellulose  Acetate)  A.B  0 

Butyrate  (Cellulose  Acetate  Butyrate)  C 

Propionate  (Cellulose  Acetate  Propionate)  C 

Brand  of  Elastomers  and  Rubbers 

Chardon  15093“  56.0  -0.5 

Chardon  15096-2“  80.5  -3.0 

Chardon  15120“ 76.5  -2.5 

Hycar  1000  X 132*"  44.5  -3.0 

(Acrylonitrile/butadiene  high  acrylonitrile  content) 

Hycar  1014*^  (Buna  N low  acrylonitrile  content)  55.0  -4.5 

Thiokol  3(X)0  FA**  (Polysulfide  Rubber)  52.5  -1.5 

Thiokol  3600  ST-C*  50.0  -0.5 

Thiokol  E455**  64.0  -4.5 

Dow  Corning  94-002^*  (Fluorosilicone  Rubber)  16.0  -2.0 

Silastic  LS-63®  (Fluorosilicone  Rubber)  16.5  0 

Silastic  S-6526^  (Silicone  Rubber)  34.5 

Silastic  80^  (Silicone  Rubber)  24.0  -0.5 

Silastic  675^*  38.5  -0.5 


Key:  (Negative  sign  indicates  sample  decreased  in  size.  Data  to  nearest  0.5%. ) 

a.  Chardon  Rubber  Company  A.  Distorted  and  softened 

b.  Dow  Coming  Corporation  B.  Partially  dissolved  or  disintegrated 

c.  B.F.  Goodrich  Chemical  Company  C.  Totally  dissolved  or  disintegrated 

d.  Thiokol  Chemical  Company 


(continued) 
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Table  3.61:  (continued) 

Solubilities  of  Resins,  Waxes  and  Fats  in  Methylene  Chloride 


Material  or  Brand  Solubilityt 

Resins 

ABALYN  - Resin  esterified 

with  glycerine  >100 

ACRYLOID  B-82  Acrylic  ester >100 

AMBEROL  801-XLT  - Phenolic  >100 

AMBEROL  ST-137-X  - Phenol- 

formaldehyde  >100 

BAKELITE  CKR-5254  - Phenolic  <20 

BECKACITE  1001  - Phenolic  >100 

BECKACITE  1112  ~ Phenolic  >100 

CUMAR  W-1  - Paracumarone- 

indene  >100 

D.E.N.*  438-  Epoxy  novolac  >100 

D,E.R.*  331  - Epoxy  >100 

D.E.R.  332  - Epoxy  >100 

D.E.R.  661  - Epoxy  >100 

D.E.R.  664  - Epoxy  >100 

D.E.R.  667  - Epoxy  >100 

DOW  Resin  PS-3  - Polystyrene  >100 

EPON  812  - Epoxy  >100 

EPON  836  - Epoxy  >100 

EPON  1004  - Epoxy >100 

EPON  1109 -Epoxy >100 

CENEPOXY  175  - Epoxy >100 

CENEPOXY  M-180  - Epoxy >100 

CENEPOXY  190  - Epoxy >100 

CENEPOXY  525  - Epoxy >100 

CENEPOXY  925  - Epoxy >100 

CENEPOXY  1800  - Epoxy  >100 

HERCOLYN  - Resin  esterified  with 

glycerine  >100 

Polymethyl  methacrylate >100 

NEVINDENE  RS  - Cumarin 

indene  >100 

Orange  Shellac < 1 

PICCO  420  ES  - Indene  polymer  ...  >100 
PICCOLASTIC  A-75  - Polystyrene  ..  >100 

PICCOLYTE  S-85  - Polyterpene  >100 

PICCOPALE  100  - Hydrocarbon >100 

Polyvinyl  Chloride  < 1 

Resin  276-V9  - Polyalkyl  styrene  ....  >100 
^Too  viscous  for  further  addition. 


Material  or  Brand  Solubilityt 

Rosin  (wood)  >100 

SARAN**  F-120  - Vinylidene 

chloride-acrylonitrile < 1 

SARAN  F-220  - Vinylidene 

chloride-acrylonitrile < 1 

VELSICOL  AE9  - ETO  adducts  < 10 

VERSAMIDE  940  - Polyamide  >100 

VINYLITE  AYAA  - Vinyl  acetate  >100 

VINYLITE  VYHH  - Vinyl  chloride 
acetate  <50^ 

Oils  & Resins 

ALINCO  72  - Linseed  oil  >100 

Lanolin  anhydrous  >100 

OKO  S-70- Soybean  oil  >100 

Waxes 

Beeswax  :.  < 5 

Candelilla  wax < 1 

Carnauba  wax  < 1 

Ceresin  wax  < 1 

Japan  wax  < 1 

Montan  wax < 1 

Paraffin  47-49°C  < 15 

White  petrolatum  < 20 

Fatty  Acids  & Derivatives 

Calcium  Stearate  < 1 

Potassium  Oleate < 1 

Sodium  Oleate 1 < 1 

Stearic  Acid < 35 

Miscellaneous 

D.C.R.-5061  - Silicone  >100 

D.C.R.-5581  - Silicone  >100 

PARLON  S-5  - Chlorinated 

rubber >100 

PARLON  S-20 - Chlorinated 

rubber >100 

PARLON  S-300  - Chlorinated 
rubber > 60^ 


•Trademark  of  The  Dow  Chemical  Company 


••Trademark  of  The  Dow  Chemical  Company  overseas 

tSolubilities  were  determined  by  the  incremental  addition  of  solute  to  100  grams  of 
methylene  chloride  at  room  temperature.  Solute  was  added  in  the  following  increments:  1 
gram,  5 grams,  10  grams  and  so  on  in  5-gram  steps  up  to  a maximum  of  100  grams.  Thus  a 
notation  of  <5  indicates  that  more  than  1 gram  but  less  than  5 grams  of  solute  can  be 
dissolved  in  100  grams  of  methylene  chloride.  Similarly,  a notation  of  <40  indicates  that 
more  than  35  but  less  than  40  grams  of  solute  will  dissolve.  Where  100  grams  of  solute 
dissolve,  the  result  is  reported  as  >100.  Resin  solubilities  were  obtained  on  uncured 
material  suitable  for  use  in  paints,  adhesives,  and  coatings. 
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Table  3.61;  (continued) 

Thermodynamic  Properties  of  Methylene  Chloride  in  the  Ideal  Gas  State 


Heat  Capacity 

Enthalpy 

Entropy 

Temperature  °C 

cal/(moi  ®C) 

cal/mol 

cal/(mol  ®C) 

25 

12.17 

0 

64.61 

50 

12.70 

311 

65.61 

100 

13.71 

972 

67.51 

150 

14.65 

1,681 

69.29 

200 

15.49 

2,435 

70.97 

250 

16.26 

3,229 

72.57 

300 

16.95 

4,060 

74.08 

350 

17.57 

4,923 

75.53 

400 

18.13 

5,815 

76.90 

450 

18.64 

6,735 

78.22 

500 

19.10 

7,679 

79.48 

550 

19.52 

8,645 

80.69 

600 

19.91 

9,631 

81.86 

650 

20.26 

10,635 

82.96 

700 

20.58 

11,656 

84.05 

750 

20.88 

12,693 

85.09 

Thermodynamic  Properties  of  Perchloroethylene 


Temperature 

Heat  Capacity 
@ 1 atm 

Enthalpy 
25X  - 0 

Entropy 

“C 

cal/(mol  X) 

cal/mol 

cal/(mol  X) 

27 

22.9 

46 

76.8 

77 

24.3 

1,226 

80.5 

127 

25.4 

2,466 

83.8 

177 

26.3 

3,756 

86.8 

227 

27.0 

5,086 

89.6 

277 

27.6 

6,451 

92.2 

327 

28.1 

7,841 

94.7 

377 

28.5 

9,256 

96.9 

427 

28.9 

10,691 

99.1 

477 

29.2 

12,141 

101.1 

527 

29.5 

13,611 

103.0 

577 

29.7 

15,091 

104.0 

627 

29.9 

16,581 

106.4 

677 

30.1 

18,081 

108.1 

Heat  of  formation  @ 25*C  = 17,700  cal/mol 
Critical  temperature  - 352.1  *C 
Critkai  pressure  = 45.5  atm 
Critical  density  = 0.492  g/cc 


MM  Hg 


Vapor  Pressure 


of  Chlorinated  Solvents 


50.000 

40.000 

?0.QQ0 

10.000 

6,000 

4.000 

Z.OOO 

1.000 

600 

400 

200 

100 

60 

40 

20 

10 

6 

4 

2 


D 

A 

C 

B 


A Inhibited  1,1,1-Trichloroethane  B Perchloroethylene  C Trichloroethylene  D Methylene  Chloride 
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Table  3.61:  (continued) 


Boiling  Temperatures  of  Chlorinated  Solvents  and  Oil 


"F 

“C 


185  203  221  239  257 

85  95  105  115  125 

Bolling  Point 


120  130  140  150  160 

248  266  284  302  320 

Boiling  Point 


Methylene  Chloride 


'’F  105  115  125  135  145 

‘’C  41  46  52  57  63 

Boiling  Point 


Inhibited  I^I^I^Trichloroethane 


79  89  99  109 

Boiling  Point 


-10  0 10  20  30  40,  50 

Temperature,  “C 
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Table  3.61:  (continued) 

Dew  Point  of  Methylene  Chloride 


Specific  Gravity  Data 


_80  ~70  -60  -50  -40  -30  -20  -10  0 +10  +20  +30  +40  +50 

Temperature,  °C 


1.0  1.1  1.2  1.3  1.4  1.5  1.0  1.1  1.2  1.3  1.4  1.5  1.6  1.7 

Specific  Gravity  at  25/25°C  Specific  Gravity  at  25/25X 


Methylene  Chloride  Flammability  Data 


Flash  point  (Tag  Open  Cup  ASTM  D- 1 3 10) None 

Fire  point  (Tag  Open  Cup  ASTMD- 13 10) None 

Initial  thermal  degradation 250°F(120'C) 

Autoignition  temperature 1033  T (556 'C) 

Flammable  range 

% volume  in  air  (25  "0 10  kilowatt  spark 14-22 

% volume  in  oxygen  (25  'C) 14-66 


0.9  1.0  1.1  1.2  1.3  1.4  1.0  1.1  1.2  1.3  1.4 

Specific  Gravity  at  25/25°C  Specific  Gravity  at  25/25°C 
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Thermal  Conductivity,  W/(m®C) 


Table  3.61:  (continued 


Thermal  Conductivity  vs  Temperature  of  Methylene  Chloride 


Temperature,  ®F 


-130  -112  -94  -76  -58  -40  -22  -4  14  32  50  68  86  104 


I 


■> 

‘6 


o 

u 


i 


■ «.  H ■ W/(mX) 

BTU/(hr  ft  °F) 


Solvency  Power 

Kauri  butanol  value  

136 

Soluhilitv  parameter  (C  al/d  25®C') 

9.9 

I hdrogen  homling  parameter  

2,2 

Dipole  moment  (Debyes)  

1.6 

Relative  Evaporation  Ralesi 


n-liiilyl  .u’ctaU'  ) .0 

litlianol  1.6 

IVirliiuroolliylnii'  1.5 

Mc'lliyl  alcohol  1.8 

Hep  lane  3,5 

Trichh)roethvlene  3.1 

Methyl  etliyl  ketone  3.9 

1,1,1-Tridiioroethane  4.5 

Acetone  5.6 

Metiiylene  riiloride  7.0 


tl:va|)on(i(>n  rales  mrasurutt  \s-iih  n sjxtl  lu  n lHiut  airutc 
Larp't  numlxTs  trllt'e-l  csajxjralioii 


Thermal  Conductivity  vs  Temperature  of  Perchloroethylene 


0“C  40‘*C  80^C  120“C  160°C  200“C  240“C 

^“F  32*’F  104‘^F  176®F  248°F  320‘*F  392“F  464*^F 


K.a 


Halogenated  Hydrocarbons 


158  Industrial  Solvents  Handbook 


Table  3.61:  (continued) 


Blending  Solvents  to  Eliminate  Flash  Points 

Flash  Pbints  ( '^)  Qosed  Tester 


Volume  % Chlorinated  Solvent 


Flammable  Constituent 


Family 

Data  Source 

0 

10 

20 

30 

40  50 

Alcohol 

Ethanol 

60 

54 

48 

NF 

n- Butanol 

106 

94 

NF 

Ester 

Butyl  Acetate 

84 

81 

76 

NF 

Ethyl  Acetate 

25 

32 

34 

39 

41  NF 

Flydrocarbon 

Fleptane 

21 

23 

21 

22 

NF 

Octane 

59 

49 

NF 

Ketone 

Methyl  Isobutyl  Ketone 

64 

64 

64 

62 

NF 

Thermal  Conductivity  vs.  Temperature  for 


Vapor  Pressure  vs.  Temperature  for 
Methylene  Chloride 


-70  -60  -SO  -40  -30  -20  -10  0 +10  +20  +30  +40  +50 


Temperature,  °C 


Density  vs.  Temperature  for  Methylene  Chloride 


-00  -so  -40  -30  -20  -10  0 +10  + 20  + 30  + 40  + 50 

Temperature, 


Visrosity,  ( \ nli|)ois<‘ 
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Table  3.61:  (continued) 


Viscosity  Curves  for  Common  Secondary  Refrigerants 


Temperature,  °F 


-70 


-50 


-20 


-10 


+ 10  +20  +30 


Glycerol  = 

Ethanol  = 

Calcium  Chloride  = 

Methanol  = 

Sodium  Chloride  = 

Trichlorofluoromethane  = 
Methylene  Chloride  = 


64.8%  Wt.  (Aqueous  Solution) 
56.8%  Wt.  (Aqueous  Solution) 
29.0%  Wt.  (Aqueous  Solution) 
38.4%  Wt.  (Aqueous  Solution) 
2 1 .0%  Wt.  (Aqueous  Solution) 
100%  Wt. 

100%  Wt. 
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Table  3.62:  Vertrel  Cleaning  Agents  (11) 

Vertrel  KCD-9547  Cleaning  Agent 

Introduction 

Vertrel  KCD-9547  Is  a proprietary  azeotrope-llke  blend  of  Vertrel  XF  hydrofluorocarbon  with  trans-1 ,2-dichloro- 
ethylene  and  cyclopentane.  It  Is  ideally  suited  for  use  In  vapor  degreasing  equipment  to  remove  light  oils, 
fingerprints,  and  particulate  contaminants.  Vertrel  KCD-9547  Is  specially  formulated  to  provide  a high  degree  of 
compatibility  with  plastics,  elastomers,  and  other  nonferrous  metals,  such  as  in  aerospace  parts.  Vertrel  KCD- 
9547  is  nonflammable,  has  "zero"  ozone  depletion  potential,  and  has  low  global  warming  potential.  It  can  replace 
CFC-113, 1 ,1 ,1-trlchloroethane  (1 ,1 ,1-TCA),  hydrochlorofluorocarbons  (HCFC),  and  perfluorocarbons  (RFC)  in 
many  applications. 

Physical  Properties 

Vertrel* 

KCD- 

Property*  Units  9547  CFC-113 

Boiling  Point  ®C  37.2  47.6 

99.0  117.6 

Liquid  Density  g/cc  1.29  1.56 

Ib/gal  10.8  13.1 

Vapor  Pressure  mmHg  414  334 

psi  8.0  6.5 

Surface  Tension  dyn/cm  15.3  17.3 

Freezing  Point  °C  <-50  -35 

^F  <-58  -31 

Heat  of  Vaporization  cal/g  47  35 

at  boiling  point  Btu/lb  85  63 

Heat  Capacity  cal/g  ®C  0.21  0.21 

at  20°C  (68®F)  Btu/lb  °F  0.21  0.21 

Viscosity  cps  0.65  0.68 

*^At  25®C  (77®F)  except  where  indicated. 

Preliminary  Plastic  Compatibility  Immersion:  Preliminary  Elastomer  Compatibility  Immersion: 

15  min  at  boiling  point  (37®C  [99®F])  15  min  at  boiling  point  (37°C  [99°F]) 


Compatible 

Compatible 

Acetal 

Polyimides 

Buna-S* 

Fluoroelastomers 

Epoxy 

Polypropylene 

Buna-N 

Natural  Rubber* 

HD  Polyethylene 

Polysulfone 

Butyl  Rubber* 

Neoprene 

Nylon 

PVA 

Chlorosulfonated  PE 

Polysulfide  (e.g.,  Thiokol's  FA) 

Phenolic 

PVC 

EPDM  (e.g.,  Nordel®) 

Urethane 

Polyester,  PET  and  PBT 
Polyethylene 

Teflon*  TFE,  FEP,  PFA 

^Swelling,  but  with  low  extractables 

Density  and  Vapor  Pressure  Change 
with  Temperature 

Vapor 

Temperature,  Density,  Press-jre, 


"C 

("F) 

g/cc 

(Ib/gai) 

mmHg 

(psi) 

0 

(32) 

1.34 

(11.2) 

129 

(2.5) 

10 

(50) 

1.32 

(11.1) 

228 

(4.4) 

20 

(68) 

1.30 

(10.9) 

336 

(6.5) 

25 

(77) 

1.29 

(10.8) 

414 

(8.1) 

30 

(86) 

1.27 

(10.6) 

517 

(10.0) 

40 

(104) 

1.25 

(10.5) 

776 

(15.0) 

50 

(122) 

1.23 

(10.3) 

1034 

(20.0) 

60 

(140) 

1.21 

(10.1) 

1396 

(27.0) 

Soils  Cleaned  with  Vertrel*  KCD-9547 

Fingerprints  Other  Synthetic  Oils 

Hydraulic  Oils  Particulates 

Light  Mineral  Oils  Vegetable  Oils 


Exposure  Limits 

Vertrel®  KCD-9547  Specifications 

Component 

Limit,  ppm 

Type 

Vertrel®  XF,  % 

65.0  ± 1.0 

Vertrel®  XF 

trans-1, 2- 

dichloroethylene 

Cyclopentane 

AEL  200  8- 

400 

TLV  200 
TLV  600 

and  12-hrTWA 
Ceiling* 

8-hr  TWA 
8-hr  TWA 

trans-1, 2-dichioroethylene,  % 
Cyclopentane,  % 

Appearance 

Nonvolatile  Residue,  ppm 
Moisture,  ppm 

20.0  ± 1.0 

15.0  ±2.0 
Clear,  colorless 

10.0  max. 
<200 

AEL — DuPont's  acceptable  exposure  limit. 

TLV  — Threshold  limit  value  established  by  the  American 
Conference  of  Government  & Industrial  Hygienists 
(ACGIH). 

TWA — Time  weighted  average. 

•A  ceiling  limit  is  the  concentration  that  should  not  be 
exceeded  during  any  part  of  the  working  day. 
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Table  3.62;  (continued) 


Vertrel  KCD-9548  and  KCD-9550  Wipe  Solvents 


Introduction 


Vertrel  KCD-9548  and  Vertrel  KCD-9550  are  two  proprietary  blends  formulated  as  wipe  solvents.  Vertrel  KCD- 
9548  Is  an  azeotrope-like  blend  of  Vertrel  XF  hydrofluorocarbon  with  cyclohexane  and  acetone,  whereas  Vertrel 
KCD-9550  is  an  azeotrope-like  biend  of  Vertrei  XF  hydrofluorocarbon  and  acetone.  Both  solvents  are  ideally 
suited  for  use  as  a gross  wipe  solvent;  however,  Vertrel  KCD-9548  has  a slight  VOC  compared  with  zero  VOC 
for  Vertrel  KCD-9550. 


Physical  Properties 


Property* 

Units 

Vertrel* 

KCD- 

9548 

Vertrel® 

KCD- 

9550 

Boiling  Point 

°C 

52.0 

60.6 

°F 

125.6 

141.1 

Liquid  Density 

g/cc 

1.37 

1.37 

ib/gal 

11.5 

11.5 

Vapor  Pressure 

mmHg 

186 

191 

psi 

3.6 

3.7 

Surface  Tension 

dyn/cm 

15.6 

15.6 

Freezing  Point 

“C 

<-50 

<-50 

°F 

<-80 

<-80 

Heat  of  Vaporization 

cal/g 

43 

46 

at  boiling  point 

Btu/lb 

77 

83 

Heat  Capacity 

cal/g  ®C 

0.30 

0.30 

at  20*C|68‘’F) 

Btu/lb  °F 

0.30 

0.30 

Viscosity 

cps 

0.64 

0.62 

•At  25'C  (77°F)  except  where  indicated. 

Vertrel*  KCD-9548 

Density  and  Vapor  Pressure  Change 
with  Temperature 


Vertrel®  KCD-9548  Specifications 


Vertrel®  XF,% 

Acetone,  % 

Cyclohexane,  % 
Appearance 

Nonvolatile  ResicJue,  ppm 
Moisture,  ppm 


85.0  ± 1.0 
10.0±  1.0 

5.0  ± 1.0 
Clear,  Colorless 

10.0  max. 
<200 


Exposure  Limits 


Component 

Limit,  ppm 

Type 

Vertrel®  XF 

AEL  200 

8- and  12-hrTWA 

400 

Ceiling* 

Acetone 

TLV  750 

8-hr  TWA 

Cyclohexane 

TLV  300 

8-hr  TWA 

TLV  — Ttireshold  limit  value  established  by  the  American 
Conference  of  Government  & Industrial  Hygienists 
(ACGIH). 

TWA — Time  weighted  average. 

*A  ceiling  limit  is  the  concentration  that  should  not  be 
exceeded  during  any  part  of  the  working  day. 


Vertrel®  KCD-9550 
Density  and  Vapor  Pressure  Change 
with  Temperature 


Vapor 

Temperature,  Density,  Pressure, 


'‘C 

m 

g/cc 

(Ib/gal) 

mmHg 

(psi) 

0 

(32) 

1.42 

(11.9) 

52 

(1.1) 

10 

(50) 

1.40 

(11.8) 

98 

(1.9) 

20 

(68) 

1.38 

(11.6) 

155 

(2.9) 

25 

(77) 

1.37 

(11.5) 

186 

(3.6) 

30 

(86) 

1.36 

(11.4) 

248 

(4.8) 

40 

(104) 

1.34 

(11.3) 

362 

(6.9) 

50 

(122) 

1.32 

(11.1) 

569 

(11.0) 

60 

(140) 

1.30 

(10.9) 

776 

(15.0) 

Preliminary  Elastomer  Compatibility 
Immersion:  5 Minutes 
at  Room  Temperature  25°C  |77°F> 

Compatible 


Vapor 

Temperature,  Density,  Pressure, 


X 

('‘F) 

g/cc 

(Ib/gal) 

mmHg 

U>»l) 

0 

(32) 

1.42 

(11.9) 

52 

(1.1) 

10 

(50) 

1.40 

(11.8) 

98 

(1.8) 

20 

(68) 

1.38 

(11.6) 

155 

(2.8) 

25 

(77) 

1.37 

(11.5) 

186 

(3.7) 

30 

(86) 

1.36 

(11.4) 

248 

I4.5) 

40 

(104) 

1.34 

(11.3) 

362 

(6.9) 

50 

(122) 

1.32 

(11.1) 

569 

(10.0) 

60 

(140) 

1.30 

(10.9) 

776 

(15.0) 

Preliminary  Plastic  Compatibility 
Immersion:  5 Minutes 
at  Room  Temperature  25°C  (77°F) 

Compatible 


Polysulfide  (Thiokol’s  FA) 

EPDM  (Nordel®) 

Silicone 

Butyl  Rubber 

Chlorosulfonated  PE 

Natural  Rubber 

Urethane 

Neoprene 

Buna-S 

Adiprene 

Buna-N 

Viton®  A and  Viton®  B 

Vertrel®  KCD-9550  Specifications 

Vertrel*  XF,  % 

85.0  ± 1.0 

Acetone,  % 

15.0  ± 1.0 

Appearance 

Clear,  Colorless 

Nonvolatile  Residue,  ppm 

10.0  max. 

Moisture,  ppm 

<200 

Acrylic 

Polyethylene 

Polypropylene 

Polycarbonate 

Polystyrene 

PVA,  PVC 

Polyimides 

Nylon 


HD  Polyethylene 

Epoxy 

Phenolic 

Teflon®  TFE,  FEP,  PFA 
Polyester,  PET,  PBT 
Acetal 
Polysulfone 
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Table  3.62:  (continued) 


Vertrel  MCA  Cleaning  Agent 

Introduction 

Vertrel  MCA  Is  a proprietary  azeotrope  of  Vertrel  XF  hydrofluorocarbon  with  trans-1,2-dichloroethylene.  It  is 
ideally  suited  for  use  In  vapor  degreasing  equipment.  Its  enhanced  solvency  power,  compared  to  Vertrel  XF  alone, 
makes  It  particularly  effective  for  precision  and  specialty  cleaning  applications  in  difficult  soil  situations.  Vertrel 
MCA  is  nonflammable,  has  "zero"  ozone  depletion,  and  has  low  global  warming  potential.  It  can  replace  CFC-1 13, 
1,1,1-trichloroethane  (1,1,1-TCA),  hydrochlorofluorocarbons  (HCFCs),  and  perfluorocarbons  (PFCs)  in  many 
applications. 


Physical  Properties 


Property* 

Unit 

Vertrel* 

MCA 

CFC-1 13 

Boiling  Point 

»c  (»F) 

39(102) 

47.6(117.6) 

Liquid  Density 

g/cc 

1.41 

1.56 

Ib/gal 

11.8 

13.1 

Vapor  Pressure 

mmHg 

464 

334 

psia 

9.0 

6.5 

Surface  Tension 

dyn/cm 

15.2 

17.3 

Freezing  Point 

°C  (*F) 

<-50  (<-58) 

-35  (-31) 

Solubility  of  Water 

wt% 

0.065 

0.011 

Heat  of  Vaporization 

cal/g 

43.3 

35.1 

at  Boiling  Point 

Btu/lb 

77.9 

63.1 

Heat  Capacity 
at  20°C  {68^F) 

cal/g-®C 

0.27 

0.21 

Btu/lb-'^F 

0.27 

0.21 

Viscosity 

cPs 

0.49 

0.68 

*At  25®C  (77®F),  except  where  indicated 


Density  and  Vapor  Pressure  Change 
with  Temperature 


Temperature, 

Density, 

Vapor  Pressure, 

oC  (®F) 

g/cc  (Ib/a) 

mmHg  (psia) 

0(32) 

1.47(12.3) 

162  (3.1) 

10 (50) 

1.44(12.0) 

258  (5.0) 

20 (68) 

1.42(11.8) 

375  (7.3) 

25  (77) 

1.41  (11.8) 

446  (9.0) 

30  (86) 

1.39(11.6) 

552  (10.7) 

40(104) 

1.37(11.4) 

795  (15.4) 

50  (122) 

1.35(11.3) 

1111  (21.5) 

60(140) 

1.33(11.1) 

1509  (29.2) 

Soils  Cleaned  with  Vertrel®  MCA 

Mineral  Oils 

Cutting  Oils 

Vacuum  Oils 

Stamping  Oils 

Waxes 

Hydraulic  Oils 

Heavy  Greases 

Gear  Oils 

Preliminary  Plastic  Compatibility  Immersion: 
1 Week  at  55‘='C  (13rF) 

Compatible 

Polyethylene  HD  Polyethylene 

Polypropylene  Epoxy 

Nylon  Phenolic 

Polyester,  PET,  and  PBT  Teflon*  TFE,  FEP,  PFA 
Acetal  Polyimides 


Require  Additional  Testing 

ABS  Polycarbonate 

Acrylic  Polystyrene 

Polyvinyl  Chloride  Polyphenylene  Oxide 

Potysulfone 


Exposure  Limits 


Component 

Limit,  ppm 

Type 

Vertrel*  XF 

AEL*  200 

8- and  12-hrTWA 

400 

Ceiling^* 

trans-1,2- 

dichloroethylene 

TLV=  200 

8-hr  TWA 

• AEL  Is  the  DuPont  Acceptable  Exposure  Limit.  Where 
governmentally  Imposed  occupational  exposure  limits  that 
are  lower  than  the  AEL  are  in  effect,  such  limits  shall  take 
precedence. 

A ceiling  limit  is  the  concentration  that  should  not  be 
exceeded  during  any  part  of  the  working  day. 

«TLV  is  the  Threshold  Limit  Value  established  by  the 
American  Conference  of  Government  Industrial  Hygienists 
(ACGIH). 


Preliminary  Elastomer  Compatibility  immersion: 
1 Week  at  55X(13rF) 

Compatible 

Polysulfide  (Thiokol  FA)  EPDM  (Nordel*) 

Chlorosulfonated  PE  Butyl  Rubber* 

Buna-S*  Natural  Rubber* 


Require  Additional  Testing 

Buna-N  Polychloroprene 

Urethane  Silicone 

Fluoroelastomers 

*Swe!llng,  but  with  low  extracts btes 


Vertrel^  MCA  Specifications 

Vertrel*  XF  62.0%  ± 1.0* 

trans-1,2-dichloroethylene  38.0%  ± 1.0* 

Appearance  Clear,  Colorless 

Nonvolatile  Residue  10.0  ppm  max. 

Moisture < 200  ppm 

*Wt% 
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Table  3.62:  (continued) 


Vertrel  MCA  Plue  Cleaning  Agent 


Introduction 


Vertrel  MCA  Plus  Is  a proprietary  azeotrope  of  Vertrel  XF  hydrofluorocarbon  with  trans-1 ,2-dichloroethylene  and 
cyclopentane.  It  is  ideally  suited  for  use  in  vapor  degreasing  equipment  for  precision  cleaning  and  specialty 
applications.  Its  enhanced  solvency  power  makes  it  particularly  effective  in  difficult  soil  situations.  Vertrel  MCA 
Plus  is  nonflammable,  has  "zero"  ozone  depletion,  and  has  low  global  warming  potential.  It  can  replace  CFC-1 13, 
1,1,1-trichloroethane  (1,1,1-TCA),  hydrochlorofluorocarbons  (HCFC),  and  perfiuorocarbons  (PFC)  in  many 
applications. 


Physical  Properties 


Property* 

Unit 

Vertrel* 

MCA 

Plus 

HCFC- 

141b 

TCA 

Freon* 

TF 

Boiling  Point 

®C 

37 

32 

74 

48 

®F 

99 

90 

165 

118 

Liquid  Density 

g/cc 

1.28 

1.24 

1.31 

1.56 

Ib/gal 

10.7 

10.3 

11.0 

13.1 

Vapor  Pressure 

mmHg 

440 

594 

140 

226 

psi 

8.5 

11.5 

2.7 

4.4 

Surface  Tension 

dyne/cm 

15.9 

19.3 

25.9 

17.3 

Freezing  Point 

°C 

<-50 

-103 

<-50 

-35 

•F 

<-58 

-154 

<-58 

-31 

Heat  of 
Vaporization 

cal/g 

55 

53 

57 

35 

at  boiling  point 

Btu/tb 

98 

94 

102 

63 

Heat  Capacity 

cal/g  “C 

0.22 

0.25 

0.26 

0.22 

at  20*C  (68“F) 

Btu/Ib  ‘‘F 

0.22 

0.25 

0.26 

0.22 

Viscosity 

cP 

0.61 

0.43 

0.45 

0.67 

Flash  Point  , 

None 

None 

None 

None 

•At  25®C  (77*F)  except  where  indicated. 


Density  and  Vapor  Pressure  Change 
with  Temperature 

Vapor 

Temperature,  Density,  Pressure, 


(‘’FI 

g/cc 

(Ib/gal) 

mmHg 

(psI) 

0 

(32) 

1.33 

(11.1) 

124 

(2.4) 

10 

(50) 

1,31 

(10.9) 

222 

(4.3) 

20 

(68) 

1.29 

(10.8) 

321 

(6.2) 

25 

(77) 

1.28 

(10.7) 

440 

(8.5) 

30 

(86) 

1.26 

(10.5) 

517 

(10.1) 

40 

(104) 

1.24 

(10.3) 

776 

(14.9) 

50 

(122) 

1.21 

(10.8) 

1034 

(19.9) 

60 

(140) 

1.18 

(9.83) 

1396 

(27.1) 

Soils  Cleaned  with  Vertrel®  MCA  Plus 


Cutting  Oils 

Stamping  Oils 

Drawing  Oils 

Synthetic  Oils 

Gear  Oils 

(POE,  POG,  etc.) 

Heavy  Greases 

Vacuum  Oils 

Hydraulic  Oils 

Waxes 

Mineral  Oils 

Plastic  Compatibility  Immersion: 
15  min  at  2TC  (99«F) 


Compatible 


Acetal 

Polyimides 

Epoxy 

Polypropylene 

HD  Polyethylene 

Polysulfone 

Nylon 

(e.g.,  GE’s  Ultem) 

Phenolic 

PVA 

Polyester,  PET  and  PBT 

PVC 

Polyethylene 

Teflon®  TFE,  FEP,  PFA 

Elastomer  Compatibility  immersion: 
15  min  at  ZTC  (99®F) 


Compatible 

Buna-S* 

Neoprene 

Butyl  Rubber* 

Polysulfide  (e.g.,  Thiokol’s  FA) 

Chlorosulfonated  PE 

Polyurethane 

EPDM  (e.g.,  Nordel®) 

Viton*  A 

Natural  Rubber* 

Viton®  B 

•Swelling,  but  with  low  extractables 


Exposure  Limits 


Component 

Limit,  ppm 

Type 

Vertrel*  XF 

AEL  200 

8-  and  12-hr  TWA 

trans-1,2- 

400 

Ceiling* 

dichloroethylene 

TLV  200 

8-hr  TWA 

Cyclopentane 

TLV  600 

8-hr  TWA 

Vertrel®  MCA  Plus 

AEL  221 

Calculated  ** 

400 

Ceiling* 

Vertrel®  MCA  Plus  Specifications 


Vertrel®  XF,  % 

46.0  ± 1.0 

trans-1, 2-dichloroethylene,  % 

40.0  ± 1.0 

Cyclopentane,  % 

14.0  ±2.0 

Appearance 

Ciear,  coiorless 

Nonvolatile  Residue,  ppm 

10.0  max. 

Moisture,  ppm 

<200 

AEL — DuPont's  acceptable  exposure  limit. 

TLV  — ^Threshold  limit  value  established  by  the  American 
Conference  of  Government  & Industrial  Hygienists 
(ACGIH). 

TWA— Time  weighted  average. 

•A  ceiling  limit  is  the  concentration  that  should  not  be 
exceeded  during  any  part  of  the  working  day. 
••Calculated  in  accordance  with  ACGIH  Formula  for  TLVs 
for  mixtures. 
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Table  3.62:  (continued) 


Vertrel  SMT  Cleaning  Agent 


Introduction 


Vertrel  SMT  is  a proprietary  azeotrope-like  blend  of  Vertrel  XF  hydrofluorocarbon  with  trans- 1 ,2-dichloroethylene 
and  methanol.  It  is  ideally  suited  for  use  In  vapor  degreasing  equipment  with  solvency  power  for  cleaning  ionic 
soils  and  flux  residues  from  electronic  assemblies.  It  can  also  be  used  for  precision  and  general  industrial  cleaning 
where  this  enhanced  solvency  is  required.  Vertrel  SMT  is  nonflammable,  has  zero  ozone  depletion  potential,  and 
has  low  global  warming  potential.  It  can  replace  CFC-113,  1,1,1-trichloroethane  (1,1,1-TCA), 
hydrochlorofluorocarbon  (HCFC),  and  perfluorocarbon  (RFC)  fluids  in  many  applications. 


Physical  Properties 


Property* 

Vertrel* 

SMT 

Freon* 

TMS 

Boiling  Point,  °C  (°F) 

37  (99) 

39.7  (103.5) 

Liquid  Density,  g/cc  (Ib/gal) 

1.35  (11.3) 

1.48(12.3) 

Vapor  Pressure,  mmHg  (psia) 

486  (9.4) 

429  (8.3) 

Surface  Tension,  dyn/cm 

15.5 

17.4 

Freezing  Point,  ®C  (°F) 

<-50 (<-58) 

-55  (-66) 

Solubility  of  Water,  wt% 

0.34 

0.27 

Heat  of  Vaporization  at 
Boiling  Point,  cal/g  (Btu/lb) 

49.5  (89.1) 

50.4(90.7) 

Heat  Capacity  at  20°C  (68®F), 
cal/g.°C(Btu/lb.®F) 

0.27  (0.27) 

0.24  (0.24) 

Viscosity,  cPs 

0.49 

0.70 

•At  25®C  (77®F),  except  where  indicated 


Density  and  Vapor  Pressure 
Change  with  Temperature 


Vapor 


Temperature. 

"Cm 

Density, 
9/cc  (Ib/g) 

Pressure, 
mmHg  (psia) 

0(32) 

1.41  (11.7) 

169  (3.3) 

10(50) 

1.38(11.5) 

265(5.1) 

20  (68) 

1.36(11.4) 

397  (7.7) 

25  (77) 

1,35(11.3) 

486  (9.4) 

30  (86) 

1.34  (11.2) 

581  (11.2) 

40(104) 

1.31  (11.0) 

839(16.2) 

50(122) 

1.29(10.8) 

1,192  (23.1) 

60(140) 

1.27  (10.6) 

1,627  (31.5) 

Preliminary  Elastomer  Compatibility  Preliminary  Plastic  Compatibility 

Immersion:  One  Week  at  55°C  (131®F)  Immersion:  One  Week  at  55®C  (13rF) 


Compatible 


Compatible 


Polysulfide  (Thiokol  FA)  EPDM  (Nordel*) 

Chlorosulfonated  PE  Butyl  Rubber* 

Buna-S*  Natural  Rubber* 


Require  Additional  Testing 


Buna-N  Polychloroprene 

Urethane  Silicone 

Fluoroelastomers 

•Swelling,  but  with  tow  extractabies 


Exposure  Limits 


Component 

Limit,  ppm 

Type 

Vertrel*  XF 

AEL“ 

200 

8- and  12-hrTWA 

400 

Ceiling‘S 

tranS“1,2- 

dichloroethylene 

TLV*» 

200 

8-hr  TWA 

Methanol 

ILV" 

200 

8-hr  TWA 

STEL^ 

250 

Stabilizer 

TLV“ 

20 

8-hr  TWA 

•AEL  is  the  DuPont  Acceptable  Exposure  Limit.  Where 
governmentally  imposed  occupational  exposure  limits  that 
are  lower  than  the  AEL  are  in  effect,  such  limits  shall  take 
precedence. 

*’TLV  is  the  Threshold  Limit  Value  established  by  the 
American  Conference  of  Government  Industrial  Hygienists 
(ACGIH). 

® STEL  is  short-term  exposure  limit.  A STEL  Is  the  concentra- 
tion to  which  workers  can  be  exposed  continuously  for  a 
short  period  of  time,  usually  15  min,  without  suffering  from 
acute  effects,  e.g.,  irritation. 

**A  ceiling  limit  is  the  concentration  that  should  not  be 
exceeded  during  any  part  of  the  working  day. 


Polyethylene 

HD  Polyethylene 

Polypropylene 

Epoxy 

Nylon 

Phenolic 

Polyester,  PET,  and  PBT 

Teflon*  TFE,  FEP,  PFA 

Acetal 

Polyimides 

Require  Additional  Testing 

ABS 

Polycarbonate 

Acrylic 

Polystyrene 

Polyvinyl  Chloride 

Polyphenylene  Oxide 

Polysulfone 

Vertrel*  SMT  Specifications 

Vertrel*  XF 

50.5%  ± 1.0* 

tra  ns-l,2-dichloroethylene 

43.0%  ± 1.0 

Methanol 

6.0%  ±0.3 

Stabilizer 

0.5%  ±0.1 

Appearance 

Clear,  Colorless 

Nonvolatile  Residue 

10.0  ppm  max. 

Moisture 

<200  ppm 

*Wt% 
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Table  3.62:  (continued) 


Vertrel  XMS  Cleaning  Agent 


Introduction 


Vertrel  XMS  is  a proprietary  azeotrope-like  blend  of  Vertrel  XF  hydrofluorocarbon  with  trans- 1 ,2-dichloroethylene, 
cyclopentane,  and  methanol.  It  Is  ideally  suited  for  use  in  vapor  degreasing  equipment  with  solvency  power  for 
cleaning  ionic  soils  and  flux  residues  from  electronic  assemblies. 

Physical  Properties  Density  and  Vapor  Pressure  Change 

HCFC^  Temperature 

141b 


Property 
(at  25°C) 

Unit 

Vertrel® 

XMS 

Freon® 

TMS 

with 

MeOH 

Boiling  Point 

"C 

36 

40 

29 

‘^F 

96 

104 

85 

Liquid  Density 

g/cc 

1.22 

1.48 

1.22 

Ib/gal 

10.2 

12.3 

10.1 

Vapor  Pressure 

mmHg 

465 

429 

527 

psi 

9.0 

8.3 

10.2 

Surface  Tension 

dyne/cm 

15.9 

17.4 

18.5 

Freezing  Point 

°C 

<-50 

-55 

<-103 

Heat  of 

°F 

<~58 

-67 

<-154 

Vaporization 

cal/g 

61 

50 

62 

at  boiling  point 

Btu/lb 

110 

91 

111 

Heat  Capacity 

cal/g  “C 

0.24 

0.24 

0.26 

at20®C  (68°F) 

Btu/lb  °F 

0.24 

0.24 

0.26 

Viscosity 

cP 

0.65 

0.7 

0.45 

Flash  Point 

None 

None 

None 

*At  25®C  (77®F)  except  where  indicated. 

Exposure  Limits 

Component 

Limit,  ppm 

Type 

Vertrel®  XF 

AEL  200  8- 

and  12-hr  TWA 

trans-1,2> 

400 

Ceiling* 

dichloroethylene 

TLV  200 

8-hr  TWA 

Cyclopentane 

TLV  600 

8-hr  TWA 

Methanol 

TLV200 

8-hr  TWA 

Vapor 

Temperature,  Density,  Pressure, 


®C 

(^F) 

g/cc 

(Ib/gal) 

mmHg 

(psi) 

0 

(32) 

1.27 

(10.6) 

155 

(3.1) 

10 

(50) 

1.25 

(10.4) 

259 

(4.9) 

20 

(68) 

1.23 

(10.3) 

414 

(8.1) 

25 

(77) 

1.22 

(10.2) 

465 

(9.2) 

30 

(86) 

1.21 

(10.1) 

620 

(12.1) 

40 

(104) 

1.19 

(9,9) 

931 

(17.9) 

50 

(122) 

1.17 

(9.8) 

1241 

(23.7) 

60 

(140) 

1.15 

(9.6) 

1706 

(33.1) 

Plastic  Compatibility  Immersion: 

15  min  at  boiling  point  of 
Vertrel*  XMS  (35.5°C  [96°F]| 

Compatible 

Acetal  Polylmides 

Epoxy  Polypropylene 

HD  polyethylene  Polysulfone 

Nylon  (e.g..  GE's  Ultem) 

Phenolic  PVA 

Polyester,  PET  and  PBT  PVC 

Polyethylene  Teflon®  TFE,  FEP,  PFA 


Elastomer  Compatibility  Immersion: 
15  min  at  boiling  point 
of  Vertrel®  XMS  (35.5X  [96°F]) 


Vertrel®  XMS  AEL  210  Calculated** 

400  Ceiling* 


AEL — DuPont's  acceptable  exposure  limit. 

TLV — Threshold  limit  value  established  by  the  American 
Conference  of  Government  & Industrial  Hygienists 
(ACGIH). 

TWA — Time  weighted  average. 

*A  ceiling  limit  is  the  concentration  that  should  not  be 
exceeded  during  any  part  of  the  working  day. 
♦•Calculated  in  accordance  with  ACGIH  Formula  for  TLVs 
for  mixtures. 


Compatible 

Buna-S*  Neoprene 

Butyl  Rubber*  Polysulfide  (e.g.,  Thiokol's  FA) 

Chlorosulfonated  PE  Polyurethane 

EPDM  (e.g.,  Nordel*)  Viton®  A 

Natural  Rubber*  Viton*  B 

•Swelling,  but  with  low  extractables 


Vertrel®  XMS  Specifications 


Vertrel®  XF,  % 

trans-1,2-dichloroethylene,  % 
Cyclopentane,  % 

Methanol,  % 

Inerting  Agent,  % 

Appearance 

Nonvolatile  Residue,  ppm 
Moisture,  ppm 


54,5  ± 1.0 

25.0  ± 1.0 

14.0  ±2.0 

6.0  ± 0.3 
0.510.1 

Clear,  colorless 

10.0  max. 
<200 
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Table  3.62:  (continued) 


Vertrei  XF  Specialty  Fluid 

Introduction 

Vertrei  XF  is  a proprietary  hydrofluorocarbon  fluid  with  "zero"  ozone  depletion  and  a low  global  warming  potential 
ideally  suited  for  use  in  vapor  degreasing  equipment  for  cleaning,  rinsing,  and  drying.  It  can  replace  current 
hydrochlorofluorocarbon  (HCFC)  and  perfluorocarbon  (PFC)  fluids  in  most  applications.  Unique  physical  properties 
include  a higher  boiling  point  and  lower  surface  tension  compared  to  CFC~113.  This  combined  with  non- 
flammability, chemical  and  thermal  stability,  low  toxicity,  and  ease  of  recovery  by  distillation  make  Vertrei  XF  ideal 
for  a broad  range  of  applications.  Solvency  Is  more  selective  than  CFC-113,  but  can  be  enhanced  by  use  of 
appropriate  azeotropes  and  blends  with  alcohols. 


Physical  Properties 


Property* 

Vertrei* 

XF 

CFC-113 

Molecular  Weight 

252 

187 

Boiling  Point,  ®C  (®F) 

55  (130) 

47.6(117.6) 

Surface  Tension,  dyn/cm 

14.1 

17.3 

Liquid  Density,  g/cc  (!b/gal) 

1.58(13.2) 

1.56(13.1) 

Freezing  Point,  ®C  (®F) 

-80  (-112) 

-35  (-31) 

Solubility  In  Water,  ppm 

140 

170 

of  Water,  ppm 

490 

110 

Critical  Temperature, 
"C  ("F) 

181  (357) 

214(417) 

Critical  Pressure, 
psia  (atm) 

331.9  (22.6) 

495  (33.7) 

Critical  Volume,  cc/mol 

433 

325 

•At  25®C  (77®F|,  except  where  indicated. 

Environmental  Properties 

Class: 

HFC 

CFC 

Property 

Vertrei* 

XF 

CFC-113 

Formula 

C,CI,F3 

Flash  Point 

None 

None 

Flammable  Range  in  Air 

None 

None 

Atmospheric  Lifetime,  yr 

20.8 

100 

Ozone  Depletion 
Potential  (ODP) 

0.0 

0.8 

Global  Warming 
Potential  (HGWP) 

0.25 

1.35 

Heat  Transfer  Properties 

Property* 

Vertrei* 

XF 

Heat  of  Vaporization  (at  boiling  point), 
cal/g  (Btu/lb) 

31.0  (55.7) 

Specific  Heat  at  20®C  (68®F), 
cal/g-‘»C(Btu/lb.“F) 

0.27  (0.27) 

Vapor  Pressure,  mmHg  (psia) 

226  (4.4) 

Viscosity,  cPs 

0.67 

•At  25®C  {77®F),  except  where  indicated. 


Density  and  Vapor  Pressure  Change 
with  Tempeitature 


Temperature, 
®C  (^F) 

Density, 
g/cc  (Ib/g) 

Vapor 
Pressure, 
mmHg  (psia) 

-20  (-4) 

1.70(14.2) 

16(0.3) 

-10(14) 

1.68(14.0) 

36  (0.7) 

0(32) 

1.66(13.8) 

62(1,2) 

10(50) 

1.62(13.5) 

109  (2.1) 

20  (68) 

1.60(13.3) 

176  (3.4) 

30 (86) 

1.57  (13.1) 

284  (5.5) 

40(104) 

1.55(12.9) 

434  (8.4) 

50(122) 

1.51  (12.6) 

641  (12.4) 

60(140) 

1.49(12.4) 

921  (17.8) 

70(158) 

1.46(12.2) 

1288  (24.9) 

80(176) 

1.43(11.9) 

1753  (33.9) 

90(194) 

1.40(11.7) 

2343  (45.3) 

100  (212) 

1.38(11.5) 

3072  (59.4) 

110(230) 

1.34(11.2) 

3961  (76.6) 

120  (248) 

1.32(11.0) 

5032  (97.3) 

130  (266) 

1.30(10.8) 

6309(122.0) 

Vertrei*  XF  Azeotropes 


Vertrei* 

XFWith 

Boiling 
Point.  °C  (»F) 

XM 

Methanol 

46(115) 

XE 

Ethanol 

52(126) 

MCA 

frans“1, 2-dichloroethylene 

39(102) 

SMT 

frans-1, 2-dichloroethylene 
and  Methanol 

37  (99) 

Vertrei®  XF  Solvating  Agents 

Dibasic  Esters  (DBE) 
Diisobutyl  DBE 
Methyl  Decanoate 
Isopropyl  Myristate 
A/-Methyl-2-Pyrrolidone  (NMP) 
Tetrahydrofurfuryl  Alcohol  (THFA) 
Aliphatic  Hydrocarbons 
Aliphatic  Alcohols  


(continued) 


Halogenated  Hydrocarbons  167 


Table  3.62:  (continued) 


Plastic  Compatibility  Immersion: 
Two  Weeks  at  50°C  (122°F) 


Plastic 

Common 

Brand 

Name  Rating 

Weight 
Gain,  % 

HOPE 

"Alathon" 

0 

0.3 

PP 

"Tenite" 

0 

0.5 

PS 

"Styron" 

0 

0.3 

PVC 

0 

0.1 

CPVC 

0 

0.1 

PTFE 

Teflon* 

V 

3.5 

ETFE 

Tefzel* 

1 

1.4 

PVDF 

"Kynar" 

0 

0.4 

lonomer 

Surlyn* 

0 

0.5 

Acrylic 

Lucite* 

2 



ABS 

"Kralastic" 

0 

0.0 

Phenolic 

0 

0.0 

Cellulosic 

"Ethocer 

1" 

4.7 

Epoxy 

0 

0.0 

Acetal 

Delrin* 

0 

0.2 

PPO 

"Noryr 

0 

0.2 

PEK 

"Ultrapek" 

0 

-0.1 

PEEK 

'Victrex" 

0 

-0.1 

PET 

Rynite* 

0 

0.2 

PBT 

-Valox" 

0 

0.0 

Polyarylate 

Arylon* 

0 

0.0 

LCP 

0 

0.1 

Polyimide 

A 

Vespel* 

0 

0.0 

PB 

"Ultem" 

0 

0.1 

PAI 

'*Tor!on" 

0 

0.0 

PPS 

"Rython" 

1 

2.7 

Polysulfone 

"Uder 

0 

-0.1 

Polyaryl  Sulfone 

“Ryder 

0 

-0.1 

Rating 

0 —  Compatible 

1 —  Borderline 

Physical  Change 
•More  Flexible 
‘Sample  Dissolved 

2 — Incompatible 

•Some  Extraction 

Vertrel®  XF  Specifications 

Fluoropentanes 

99.9%  min. 

Appearance 

Clear,  Colorless 

Nonvolatile  Residue  (NVR) 

2.0  ppm  max. 

Moisture 

<50  ppm 

Acidity,  mg  KOH/g 

0.01  max. 

Elastomer  CompatlbilitY  Immersion,  Sealed 
Tubes;  Two  Weeks  at  50=C  (122°F) 


Elastomer 

Rating 

Units 

Linear  Hardness 

Swell,  % Change 

Natural  Rubber 

0 

-0.6 

-1 

Butyl  Rubber 

0 

1.0 

-1 

Norder  RPDM 

0 

-1.0 

-2 

Neoprene  CR 

0 

0.2 

1 

SBR 

Nitrile  Rubber 

0 

0.7 

0 

NBR 

0 

-0.6 

2 

NHBR 

0 

3.9 

-8 

Vamac*  EA 

2* 

13.9 

-12 

Hypalon*  CSM 
Fluoroelastomer 

0 

1.3 

0 

Viton*  A 

2 

17.3 

-14 

Viton*  B 

2 

22.8 

-34 

Zalak* 

2* 

13.7 

-13 

Kalrez* 

Fluorinated 

2 

21.6 

-20 

Silicone 

2 

14.1 

-11 

Silicone 

Epichlorohydrin 

0 

0.5 

-4 

Homopolymer 

0 

-0.5 

1 

Copolymer 

0 

0.0 

2 

“Adiprene"  U 

1* 

2.7 

-2 

FA  Polysulfide 
Thermoplastic 

0 

1.5 

0 

Alcryn* 

2* 

-1.2 

13 

"Santoprene" 

0 

0.1 

0 

"Geoplast" 

1* 

-0.5 

-3 

Hytrel*  Polyester  0 

0.3 

0 

Rating:  0 — Compatible;  1 — Borderline;  2 — 
♦Noticeable  extraction  affecting  rating 

Exposure  Limits 

Incompatible 

Component 

Limit,  ppm 

Type 

Vertrel*  XF 

AEL* 

200  8- 
400 

and  12-hr  TWA 
Ceiling** 

“ AEL  IS  the  DuPont  Acceptable  Exposure  Limit.  Where 
governmentally  imposed  occupational  exposure  limits  that 
are  lower  than  the  AEL  are  in  effect,  such  limits  shall  take 
precedence. 

‘’A  ceiling  limit  is  the  concentration  that  should  not  be 
exceeded  during  any  part  of  the  working  day. 
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Table  3.62:  (continued) 


Introduction 


Vertrel  XSI  Cleaning  Agent 


Vertrel  XSi  is  a proprietary  blend  of  Vertrel  XF  hydrofluorocarbon  and  hexamethyidlsiloxane.  It  is  Ideally  suited 
for  use  in  medical  applications  as  a solvent  for  cleaning  or  depositing  of  silicone  oil-based  lubricants.  It  is  also 
used  as  a swelling  media  for  silicone  rubber  tubing. 


Physical  Properties 


Property 
(at  25X) 

Unit 

Vertrel® 

XSi 

Freon® 

TF 

HCFC- 

141b 

Boiling  Point 

"C 

57 

48 

32 

®F 

134 

118 

90 

Liquid  Density 

g/cc 

1.17 

1.56 

1.24 

Ib/gal 

9.8 

13.1 

10.3 

Vapor  Pressure 

mmHg 

135 

226 

594 

psi 

2.6 

4.4 

11.5 

Surface  Tension 

dyne/cm 

14.0 

17.3 

19.3 

Freezing  Point 

"C 

<-50 

-35 

-103 

‘’F 

<-80 

-31 

-154 

Heat  of 

Vaporization 

cal/g 

38 

35 

53 

at  boiling  point 

Btu/ib 

69 

63 

94 

Heat  Capacity 

cal/g  °C 

N/A 

0.22 

0.25 

at  20°C  (68°F) 

Btu/lb 

N/A 

0.22 

0.25 

Viscosity 

cP 

0.60 

0.67 

0.43 

Flash  Point 

None 

None 

None 

•At  25®C  (77®F)  except  where  indicated. 

Swelling  of  Polysilicone  Tubing 

Vertrel® 

Freon® 

Test 

XSi 

TF  Hexane 

At  Room  Temperature 

% Change  in  Width 

15 

16 

23 

% Change  in  Weight 

60 

133 

83 

At  Boiling  Point* 

% Change  in  Width 

20 

20 

24 

% Change  in  Weight 

64 

144 

63 

*47®C  (117®F)  for  Freon®  TF;  54®C  (129®F)  for  Vertrel® 

KCD-XSI;  68®C  (154®F)  for  Hexane 

Plastic  Compatibility 

Immersion:  15  min  in  Vertrel®  XSi  at 

Boiling  Point  56.6°C  (133.9°F) 

Compatible 

Polyethylene 

HD  polyethylene 

Polypropylene 

Epoxy 

Nylon 

Phenolic 

Polyester,  PET  and  PBT 

Teflon*  TFE,  FEP,  PFA 

Acetal 

Polyimides 

PVC 

Polysulfone 

(e.g.. 

GE's  Ultem) 

Polycarbonate 

Polyurethane 

Vertrel®  XSi  Specifications 


Vertrel*  XF,  % 

57.0  ± 1.0 

Hexamethyldisiloxane,  % 

43.0  ± 1.0 

Appearance 

Clear,  Colorless 

Nonvolatile  Residue,  ppm 

10.0  max. 

Moisture,  ppm 

<200 

Solubility  of  Typical  Silicone  Fluids 
in  Vertrel®  XSI  at  Room  Temperature 
1%  Oil  Loading  in  Solvent) 


Oil 

Vertrel® 

XSi 

Freon® 

TF 

Hexane 

DC-200® 

14 

19 

25 

DC-360* 

21 

24 

46 

DC-550* 

33 

39 

58 

DC-1107* 

45 

51 

65 

NuSil  Med  4159 

28 

29 

31 

*As  manufactured  by  Dow  Corning. 


Solubllitv  of  Silicone  Fluid  (DC-360) 
In  a Blend  of  Vertrel®  XF  + 
Hexamethyldisiloxane 


Elastomer  Compatibility 
Immersion:  15  min  in  Vertrel®  XSi  at 
Boiling  Point  56.6°C  (133.9°F) 


Compatible 

Polysulfide  (e.g.,  ThiokoTs  FA) 
Chlorosulfonated  PE 
Buna-S* 

Polyurethane 
Viton®  A 

EPDM  (Nordel®) 
Butyl  Rubber* 
Natural  Rubber* 
Neoprene 
Viton®  B 

•Swelling,  but  with  low  extractable 

Exposure  Limits 

Component 

Limit,  ppm 

Type 

Vertrel®  XF 

Hexamethyl- 

disiloxane 

AEL  200 
400 

IHG  200 

8- and  12-hrTWA 
Ceiling* 

8-hr  TWA 

Vertrel®  XSi 

AEL  200 
400 

Calculated** 

Ceiling* 

AEL — DuPont's  acceptable  exposure  limit. 

IHG  — Industrial  Hygiene  Guidelines. 

TWA — Time  weighted  average. 

*A  ceiling  limit  is  the  concentration  that  should  not  be 
exceeded  during  any  part  of  the  working  day. 
••Calculated  in  accordance  with  ACGIH  Formula  for  TLVs 
for  mixtures. 


Table  3.63:  Occidental  Chemical  <OXSOL  Solvents)  (27) 


Pure  OXSOL  Products  (27) 


OXSOL  siiooucr 

MOW  WIU  YOU  Uif  IT? 

OXSOL  100 

100%  Pa  rachlorobcnzotri  fluoride  fPCBTF) 

• To  dean  metal,  plastics, 
electronics,  and  glass. 

CF3 

A 

• To  dissolve  resins  in  paints, 
coatings,  inks,  adhesives, 
and  otlier  resin  applications. 

• To  dilute  for  viscosity 
adjustment,  for  casv 
application. 

Cl 

WMYT 


• To  wrry  active  ingredients 
in  aerosols. 

• As  a reaction  medium 

in  the  chemical,  agricultural, 
and  pharmaceuticai 
industries. 

• As  a drying  agent  for 
metals  ancTplastics. 


• To  reduce  v«r  eliminate  VOCs*. 

• To  reduce  or  eliminate  HAPs** 

• For  solecthe  -^^Ivency 

• For  its  rTHxlerate  evaporation  rates. 

• For  its  high  stability 

• it  is  recyclable. 

• For  high  purity,  low  residue 

• For  classical  solvent  peridrmance. 

• It  is  not  miscible  with  water. 


OXSOL  10 

100%  Monochlorotoluene  (MCT) 


CH, 


G-h-ci 


• As  an  aggressive  solvent  in 
formulations  designed  to 
remove  paint  and  polymeric 
coatings. 

• As  a cleanup  solvent  in 
the  paintinc,  coating,  and 
printing  industries. 

• As  an  additive  to  dissolve 
sludge  in  heavy  fuels,  asphalt, 
and  coke  applications. 


• To  carry  inks  and  dyes 
in  printing  and  textile 
production. 

• In  heavy  duty  industrial 
and  consumer  cleaning 
products. 

• As  an  inert  carrier  for 
FIFRA***  reg;ulated 
applications. 


• For  its  low  cost 

• To  reduce  or  ehminate  HAPs. 

• For  its  aggressive  solvency. 

• When  a slow  evaporation  rate 
is  needed. 

• No  stabiliieis  are  required. 

• It  is  recyclable. 

• It  is  approved  as  FIFRA***  inert 


OXSOL 1000 

100%  34- Dichlorobenzotri fluoride  (3,4-DCBTF) 


• In  precision  cleaning 
^plications,  when  a high 
flashpoint  is  required. 

• As  a stable  solvent  where 
contact  with  oxidizing 
media  may  occur. 

• As  a stable  high  flash  heat 
transfer  medium. 


• As  a stable  reaction  medium 

• As  an  adsorption  medium 
for  chlorine  and  oxygen. 

• In  agricultural  and 
pharmaceutical  applications, 
as  an  extraction  m^ium. 

* \btatik(>gank:  Compounds  are  legubted  by 

TTtlr  / the  Oean  Air  Act  ofl99QL 
**  Hazardous  Air  PoDutanb  are  r^ubted  by 
Title /n  of  the  dean  Air  Act  of  I990l 
***  Federal  Insectidde  Fungkide  Rodoitkide  Act 


• For  its  high  flashpoint  {170*). 

• For  its  slow  evaporation  rate. 

• For  its  k)W' reactivity. 

• For  selective  solvency. 

• It  is  exceptionally  stable. 

• Where  high  purity  and  low 
residue  are  r^uired. 

• To  reduce  or  eliminate  HAPs 
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Table  3.63:  (continued) 


Blended  OXSOL  Products  {27) 


HOW  CAN  YOU  U» 


• To  disstilve  resin?;  in  paints, 
coatings,  inks,  adhesi\ vs, 
and  other  resin  applications 


• To  eliminate  HA  IN 

• To  reduce  VC)C  (55%). 

• For  moderate  sdvencN 

• For  slow  to  moderate 
evaporation. 

• For  economy. 


OXSOL  BLtND 


HOW  CAN  YOU  USE  IT? 


WHY? 


Non- 

Flammable 

Blends 


OXSOL  73 


50%  OxsoLlO 


OXSOL  253 


20%  Oxsoi  10 


OXSOL  325 


• Oneral  purpose  heavy 
duty  cleaning. 


• General  purpose  heavy 
duty’  cleaning. 


• Spray  and  wipe  cleaning 
applications. 


• To  reduce  HAPs  (61%) 

• For  a kw-cosl, 
aggressive  solvent. 

• For  rwn-flaininability' 

• To  minimize  worker 
exposure  to  PCE. 

• For  slow  evaporation 


• To  reduce  VCXj  (21%  ) 

• To  reduce  HAPs  (37%  ). 

• For  a low-cost, 
aggressive  solvent. 

• Fbr  non-flammability, 

• To  minimize  worker 
exposure  to  PCL 

• For  slow  to  modeate 
evaporation. 


• To  reduce  V(Xs  (28%) 

• To  reduce  HAPs  (44%  ) 

• For  non-flaiiunability 

• To  minimize  worker 
exposure  to  PCE. 

• For  fast  evaporation 
(fastest  of  aD  Oxsol  blends) 
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Table  3.63:  (continued) 


Property  Comparison 

Regulatory  Features  Comparison  |« 

•f  1/1/961 

1 deduct 

Evaporation 

Rate* 

Elofh 

Point 

c-fi 

Kourl 

Butanol 

Value 

Solubility 

Parameter 

(cal/cm*)’'* 

Beilina 

Point 

CC| 

Oenfity  B 
(Ibf/gal  fl 
dO*C|  B 

1 Product 

Exempt 
from  VOC 
Rogulotlons 

SARA  TIHe 
III 

Reportable 

Suspected 

Animal 

Corcinogoa 

Hoxardeos  1 
Air  1 

Pollutant  1 

OXSOL  100 

O.M 

109 

64 

8.63 

139 

11.2 

OXSOL  100 

M'S 

No 

No 

No 

OXSOL  1000 

0.2 

170 

69 

8.89 

174 

12.3 

OXSOL  1000 

No 

No 

No 

No 

OXSOL  10 

0.4  -O.S 

123 

110 

9.6 

159  - 162 

9 

OXSOL  10 

No 

No 

No 

No 

OXSOL  550 

0,7 

113 

92 

8.93 

142-159 

10.0 

OXSOL  550 

Partial 

No 

No 

No 

OXSOI  -^3 

O.n 

None’ 

114 

9.11 

129-  158 

10.3 

OXSOL  73 

No 

Yes 

\es 

Partial 

OXSOL  253 

0.6 

None' 

109 

9.94 

127-159 

10.7 

OXSOL  253 

Partial 

Yes 

Ye^ 

Partial 

OXSOL  325 

1,2 

None' 

100 

S.81 

121  - 155 

11.8 

OXSOL  325 

Partial 

Ves 

Ye^ 

Partial 

Mi'lln'k'lU’  dOonde' 

14.5 

None 

136 

9.9 

40 

11 

Methvlene  chloride 

Yes 

Yes 

Ye> 

Yes 

]'<TdiOrfi'ihvl(.’iu' 

1.5-2.59 

None 

90 

9.8 

121 

13.5 

i^chloroetlniene 

.No 

Yes 

Ye^^ 

Yes 

Tndilou^ethvlciu’ 

6.39 

None 

130 

9,3 

87 

12.1 

Trichloroethylene 

No 

Yes 

No 

Yes 

UJ  - Irichiorodhano 

6 

None 

124 

8.9 

74 

11 

1,1,1-Trichloroethane 

Yes 

Yes 

No 

Yes 

CFC 

21 

None 

31 

7.2 

48 

13.1 

CFC  113'-^ 

Yes 

Yes 

No 

No 

Dibasic  ester 

0.009 

212 

na‘ 

9.2 

210-215 

7.3 

Dibasic  ester 

No 

No 

No 

No 

d-Limonene 

0.1 

118 

60 

— 

178 

7.0 

d-Limonene 

No 

No 

Yes 

No 

Tcdiione 

2.0 

40-45 

105 

8.9 

111 

7.2 

Toluene 

No 

Yes 

No 

Yes 

Xvicne 

0.77  - 0.9 

85 

98 

9.9 

135  - 143 

7.2  i 

Xylene 

No 

Yes 

No 

Yes 

Acetone 

6.1 

0 

na 

9.8 

56 

6.6 

Acetone 

Yes 

No 

No 

.No 

* N-butyl  acetate  = 1 @ 25*C 

*'  No  flash  to  boiling  using  Cleveland  closed  cup  apparatus 
Not  applicable  for  oxygen  containing  compounds 
" 1 ,1 ,2'trichloro-i,2,2-trifluoroethane 
' Ozone  depleting  chemical 

' Ozone  depleting  chemical 
‘ 1 , 1 .2- trich  1 orev  1 ,2,2-  trifl  uoroethane 

(continued) 
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Table  3.63:  (continued) 


Sales  Specification 

OXSOL*  10 

Monochlorotoluenes 


Specifications 

Appearance 
Color,  APHA 
Monochlorotoluene 
Toluene 

Typical  Physical  properties 

Formula 

Molecular  weight 
Specific  gravity  @ 25°C/25°C 
Density,  Ib/gal  (g/1) 

Freeze  point,  ®C  (°F) 

Boiling  point,  ®C  (°F) 

Flash  point  (TCC),  ®C  (°F) 
Vapor  pressure  @ 20°C,  mm  Hg 
Kauri  butanol  value 
Water,  ppm 


Clear,  Free  of  suspended  matter 
25  Max. 

99.5%  Min, 

0.4%  Max. 


CvHva 

126.59 

1.07 

9 (1070) 
-25  (-13) 
159  (318) 

50.6  (123) 

2.6 
110 
<100 


Oxsol  10  Liquid  Density 


(continuetd) 
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Table  3.63:  (continued) 


Oxsol  10  Liquid  Heat  Capacity 


Oxsol  10  Liquid  Thermal  Conductivity 


Temperature  (C) 


(continued) 
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Table  3.63:  (continued) 


Oxsol  10  Vapor  Viscosity 


Temperature  (C) 


Oxsol  10  Liquid  Heat  of  Vaporization 


Temperature  (C) 


(continued) 
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Table  3.63:  (continued) 


OXSOL  100 

OXSOL  100  is  a purified  grade  of  p-chlorobenzotrifluoride  (PCBTF)  with  the  characteristic  odor  of  chlorinated 
aromatic  solvents.  OXSOL  100  is  a clear  water-white  liquid  with  solvency  characteristics  similar  to  the  classical 
chlorinated  and  fluorinated  solvents.  PCBTF  has  been  commercially  produced  for  over  thirty  years  as  a chemical 
Intermediate.  OXSOL  100  has  been  used  as  a solvent  since  1992  as  a replacement  for  solvents  with  Ozone 
Depletion  Potential  (ODP),  Volatile  Organic  Compounds  (VOC)  and  Hazardous  Air  Pollutants  (HAP). 

OXSOL  1 00  is  not  regulated  as  an  ozone  depleter.  OXSOL  1 00  is  not  regulated  as  a Hazardous  Air  Pollutant.  And 
on  October  5,  1994,  the  EPA  published  in  the  Federal  Register,  a revised  definition  of  VOC  which  specifically 
exempted  OXSOL  1 00  from  VOC  regulations.  The  exemption  was  based  on  the  very  favorable  atmospheric  profile 
of  the  molecule. 

The  use  of  OXSOL  1 00  or  other  PCBTF  based  OXSOLs  will  allow  many  solvent  users  to  eliminate  or  reduce  their 
use  and  emissions  of  VOCs  without  giving  up  the  many  benefits  received  from  organic  solvents.  OXSOL  can  be 
used  to  extend  or  replace  many  organic  solvents,  Including  toluene,  xylene,  mineral  spirits,  acetone,  methyl  ethyl 
ketone  (MEK),  trichloroethylene,  perchloroethylene,  1,1,1-trichloroethane  and  n-methyl  pyrrolidone  (NMP)> 


Physical  Properties  of  OXSOL  100 

Freezing  Point,  °C 

-36 

Boiling  Point,  °C 

139 

Flash  Point,  TCC,  “F 

109 

Evaporation  Rate  at  25°C,  n-BuAc  = 1 

0.9 

Solubility  Parameter  (cal/cm^)^^^ 

7.3 

Density  @ 25°C,  Ib/gal 

11.2 

Kauri-Butanol  Value 

64 

Solubility  of  water  in  OXSOL  @ 25°C,  ppm 

240 

Solubility  of  OXSOL  in  water  @ 25°C,  ppm 

35 

Surface  Tension  @ 25°C,  dynes/cm^ 

25 

Heat  of  Combustion,  BTU/lb 

7100 

Viscosity  @ 25°C,  cp 

0.79 

CAS# 

98-56-6 

Sales  Specifications 

Appearance 

CFOSM 

Color,  APHA 

20  Max 

Acidity,  ppm  (by  specific  ion  probe) 

3 Max 

Alkalinity,  ppm  as  NaOH 

10  Max 

Water  content,  ppm 

150  Max 

Specific  Gravity  @ 25"*C/25°C 

1.33-1.35 

Non  Volatile  Residue,  Wt.  % 

0.0020  Max 

(continued) 
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Vapor  Pressure  vs.  Temperature  - OXSOL  100 


Temperature, °C 


(continued) 


Halogenated  Hydrocarbons  179 


(continued) 


180  Industrial  Solvents  Handbook 


Specific  Heat,  BTU/°F  lb 


0.31 


-0.29 


hO.27 


hO.26 


(continued) 
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Vapor  Thermal  Conductivity,  Btu/hr,ft,®l 
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Table  3.63:  (continued) 


OXSOL  2000 


Chemically,  OXSOL  2000  Is  alpha,  alpha,  alpha-trifluorotoluene,  an  HFC.  OXSOL  2000  has  a number  of  desirable 
properties  for  precision  cleaning,  electronics  cleaning,  aerosol  applications,  and  wipe  cleaning.  It  is  a pure 
compound,  with  a relatively  fast  evaporation  rate  and  toluene-like  odor.  In  its  pure  form,  OXSOL  2000  is  a good 
replacement  for  hexane,  toluene,  and  VM&P  naphtha  where  a rapid  evaporation  rate  is  desirable  and  a flammable 
solvent  can  be  used  safely.  In  addition,  OXSOL  2000  can  be  blended  with  classical  solvents  like  trichloroethylene 
yielding  non-flammable,  very  fast  evaporating  compositions. 


Physical  and  Chemical  Properties  of  OXSOL  2000: 


Property 

Chemical  Formula 

C7H5F3 

Molecular  Weight 

146.11 

Boiling  Point:  °C  (°F) 

102  (216) 

Dielectric  Constant,  25°C 

11.5 

Flash  Point,  TCC  °C  (°F) 

12  (54) 

Fire  Point,  TOC  °C  (°F) 

23  (74) 

Kauri  Butanol  Value 

49 

Evaporation  Rate,  n-BuAc  = 1 

2.8 

Latent  Heat  of  Vaporization  (B.P.),  BTU/lb 

97 

Specific  Heat,  Liquid  20°C  (BTU/lb/°F) 

0.306 

Density,  20°C,  gm/cc 

1.185 

Density,  20°C,  Ibs/gal 

9.88 

Vapor  Pressure  (20°C),  mm  Hg 

30 

Vapor  Density  (Air  = 1 ) 

5.0 

Surface  Tension  in  Air:  Dynes/cm:20°C 

23 

Viscosity  (Cp),  Liquid,  20°C 

0 56 

Density  of  OXSOL  2000 


-40  -20  0 20  40  60  80  100  120 

Temperature  (C) 


(continued) 


Vapor  Thermal  Conductivity  (BTU/(hr*ffF)) 
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Table  3.63:  (continued) 


OXSOL  2000  Liquid  Vapor  Pressure 


-40  -20  0 20  40  60  80  100  120 

Temperature  (C) 


OXSOL  2000  Liquid  Surface  Tension 


-40  -20  0 20  40  60  80  100  120 

Temperature  (C) 
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Table  3.63:  (continued) 


Sales  Specification 

OXSOL®550 


Test 

Appearance 
Color,  APHA 

AcicJity,  ppm  as  Total  Inorganic  Acidity 
(by  Specific  Ion  Probe) 
Alkalinity,  ppm  as  NaOH 
Water  Content,  ppm 
Specific  Gravity  @ 25°C/25°C 
Residue  on  Evaporation,  Wt.  % 


Specifications 

Clear,  Free  of  Suspended  Matter 
30  Max. 

3 Max. 

10  Max. 

150  Max. 

1.20-1.22 
0.0025  Max. 


Physical  Properties 

OXSOL  550  is  a clear,  colorless  blend  of  Halogenated  Aromatic  solvents  with  a 
characteristic  chloroaromatic  odor  and  the  following  physical  characteristics; 


Distillation  Range,  @ 760  mm  Hg 
Flash  Point,  (TCC) 

Freezing  Point 

Evaporation  Rate  (n-BuAc=1.0) 
Solubility,  @ 25°C 
Density,  @ 25°C 
Vapor  Pressure,  @ 20°C 
.Meat  of  Combustion 
Kauri-Butanol  Value 


142-159°C 

113°F 

<-60°C 

0.7 

<150  ppm  in  H2O 
10.11  Ibs/gal 
3.9  mm  Hg 
9,900  BTU/lb 
92 


Sales  Specification 

OXSOL®73 


Test 


Appearance 
Color,  APHA 

Acidity,  ppm  as  Total  Inorganic  Acidity 
(by  Specific  Ion  Probe) 
Alkalinity,  ppm  as  NaOH 
Water  Content,  ppm 
Specific  Gravity  @ 25°C/25°C 
Residue  on  Evaporation,  Wt.  % 


Specifications 

Clear,  Free  of  Suspended  Matter 
30  Max. 

3 Max. 

1 5 Max. 

100  Max. 

1.22-1.26 
0.0025  Max. 


Physical  Properties 

OXSOL  73  is  a clear,  colorless,  non-flammable  blend  of  Monochlorotoluenes  and 
Perchloroethylene  with  a characteristic  chloroaromatic  odor  and  the  following  physical 
characteristics: 


Distillation  Range,  @ 760  mm  Hg 
Flash  Point.  (TCC) 

Freezing  Point 

Evaporation  Rate  (n-BuAc=1.0) 
Solubility,  @ 25°C 
Density,  @ 25°C 
Vapor  Pressure,  @ 20°C 
Heat  of  Combustion 
Kauri-Butanol  Value 
* NFTB  * No  Flash  to  Boiling 


129-158®C 

NFTB* 

-33°C 

0.6 

<150  ppm  in  H2O 
10.35  Ibs/gal 
8-10  mm  Hg 
8,300  BTU/lb 
114 


(continued) 
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Table  3.63:  (continued) 

Sales  Specification 

OXSOL®253 

Test Specifications 


Appearance 
Color,  APHA 

Acidity,  ppm  as  Total  Inorganic  Acidity 
(by  Specific  Ion  Probe) 
Alkalinity,  ppm  as  NaOH 
Water  Content,  ppm 
Specific  Gravity  @ 25®C/25°C 
Residue  on  Evaporation,  Wt.  % 


Clear,  Free  of  Suspended  Matter 
30  Max. 

3 Max, 

15  Max. 

100  Max. 

1.27-1.32 
0.0025  Max. 


Physical  Properties 

OXSOL  253  is  a clear,  colorless,  non-flammable  blend  of  Halogenated  Aromatics  and 
Perchloroethylene  with  a characteristic  chloroaromatic  odor  and  the  following  physical 
characteristics: 


Distillation  Range.  @ 760  mm  Hg 
Flash  Point,  (TCC) 

Freezing  Point 

Evaporation  Rate  (n-BuAc=1.0) 
Solubility,  @ 25°C 
Density,  @ 25°C. 

Vapor  Pressure,  @ 20°C 
Heat  of  Combustion 
Kauri-Butanol  Value 
‘ NFTB  - No  Flash  to  Boiling 


127-159°C 

NFTB" 

<-60°C 

0.6 

<150  ppm  in  H2O 
10.81  ibs/gal 
10  mm  Hg 
7,600  BTU/lb 
109 


Sales  Specification 

OXSOL®325 

Test Specifications 


Appearance 
Color,  APHA 

Acidity,  ppm  as  Total  Inorganic  Acidity 
(by  Specific  Ion  Probe) 
Alkalinity,  ppm  as  NaOH 
Water  Content,  ppm 
Specific  Gravity  @ 25°C/25°C 
Residue  on  Evaporation,  Wt.  % 


Clear,  Free  of  Suspended  Matter 
30  Max. 

3 Max. 

15  Max. 

100  Max. 

1.40-1.46 
0.0025  Max. 


Physical  Properties 

OXSOL  325  is  a clear,  colorless,  non-flammable  blend  of  Halogenated  Aromatics  and 
Perchloroethylene  with  a characteristic  chloroaromatic  odor  and  the  following  physical 
characteristics: 


Distillation  Range,  @ 760  mm  Hg 
Flash  Point.  (TCC) 

Freezing  Point 

Evaporation  Rate  (n-BuAc=1.0) 
Solubility.  @ 25°C 
Density,  @ 25®C 
Vapor  Pressure,  @ 2Q°C 
Heat  of  Combustion 
Kauri-Butanol  Value 

* NFTB  - No  Flash  to  Boiling 


121-155®C 

NFTB* 

<-50°C 

1.2 

<150  ppm  In  H2O 
11.95  Ibs/gal 
13  mm  Hg 
5,100  BTU/lb 
100 
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Table  3.63:  (continued) 


OXSOL  SA 


OXSOL  SAs  are  based  on  parachlorobenzotrifluorlde  (PCBTF  or  OXSOL  100),  an  "environmentally  friendly" 
solvent  alternative.  PCBTF  has  a unique  atmospheric  profile,  making  It  one  of  the  few  volatile  organic  solvents 
not  suspected  of  causing  stratospheric  ozone  depletion  or  tropospheric  ozone  and  smog,  PCBTF  is  not  an  ozone 
depleting  product  (OOP).  It  is  exempt  from  USEPA  Volatile  Organic  Compounds  (VOC)  regulations.  It  is  not  a 
hazardous  air  pollutant  (HAP).  It  is  not  on  the  SARA  Title  III,  Section  313  list  of  toxic  chemicals.  It  is  not  a 
carcinogen  and  is  considered  only  "mildly  toxic"  (from  Federal  Register  50  FR  42216-4221  10/18/85. 

As  a result  of  its  favorable  regulatory  status  and  excellent  properties,  PCBTF  is  an  ideal  candidate  for  formulating 
environmentally  friendly  solutions  without  giving  up  the  excellent  physical  and  chemical  properties  of  organic 
solvents. 


OXSOL® 

Dielectric  Breakdown* 


Product 

Test#1  (kvi 

Test  #2  ikw) 

OXSOL 

73 

30 

38 

OXSOL 

253 

50+ 

50+ 

OXSOL 

325 

50+ 

50+ 

OXSOL 

550 

35 

40 

OXSOL 

100 

48 

50 

OXSOL 

1000 

40 

50 

* ASTM  Test  Method  D-877;  Reported  in  thousands  of  volts. 


Sales  Specification 

OXSOL*  1000 

Specifications 


Test 

Appearance 
Color,  APHA 
Acidity,  ppm  as  Total  Inorganic  Acidity 
(by  Specific  Ion  Probe) 
Alkalinity,  ppm  as  NaOH 
Water  Content,  ppm 
Specific  Gravity  @ 25°C/25°C 
Residue  on  Evaporation,  Wt.  % 


Clear,  Free  of  Suspended  Matter 
20  Max. 

3 Max. 

10  Max. 

150  Max. 

1.47’1.49 
0.0020  Max. 


Physical  Properties 

OXSOL  1000  (3,4-Dichlorobenzotrifluoride)  is  a clear,  colorless  solvent  with  the 
following  physical  characteristics: 


Boiling  Point,  @ 760  mm  Hg 
Flash  Point,  (TCC) 

Freezing  Point 

Evaporation  Rate  (n-BuAc=1.0) 
Solubility,  @ 25°C 
Density,  @ 25®C 
Vapor  Pressure,  @ 20®C 
Heat  of  Combustion 
Kauri-Butanol  Value 


174°C 

170°F 

-12.4‘^C 

0.2 

11.6  ppm  in  H2O 
12.36  Ibs/gal 

1.6  mm  Hg 
4,830  BTU/!b 
69 
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Table  3.64:  3M  Hydrofluoroether 

3M™  HFE-7100,  methoxy-nonafluorobutane  (C4F9OCH3),  is  a clear,  colorless  and  low-odor  fluid  intended  to 
replace  ozone-depleting  materials.  This  proprietary  fluid  has  zero  ozone  depletion  potential  and  other  favorable 
environmental  properties.  It  has  one  of  the  lowest  toxicological  profiles  of  the  new  CFC  replace  materials,  with 
a time-weighted  average  exposure  guideline  of  600  ppm  (eight  hour  average). 

The  high  boiling  point.  Increased  solvency  and  low  surface  tension  of  3M  HFE-7100  make  it  suitable  for  use  in 
vapor  degreasing  applications  as  a neat  (pure),  azeotropic  or  co-solvent  parts  cleaner.  In  addition,  its  chemical 
and  thermal  stability,  non-flammability  and  low  toxicity  make  it  useful  for  other  industrial  applications  such  as 
specialty  solvent  and  heat  transfer  applications. 

Typical  3M  HFE-7100  Applications 

• Cleaning  and  Rinsing  Agent 

Heavy-duty  (co-solvent)  cleaning  - heavy  oils,  greases,  fluxes 

Medium-duty  cleaning  (azeotrope)  - oils,  greases,  waxes 

Light-duty  cleaning  (neat)  - particulates,  fluorolubes,  light  oils,  fluoropolymers 

• Lubricant  Carrier 

Fluorocarbons 

Hydrocarbons 

Silicones 

• Spot-Free  Water  Drying  Agent 

(with  surfactants  added) 

• Specialty  Solvents,  Dispersion  Medium 

• Heat  Transfer  Medium 

• Spray  Contact  Cleaner 

• CFC,  HCFC,  HFC  and  PFC  Replacement  Agent 


Heat  Ji^ansfer  Properties 


Properties 

3M  HFE-7100 

CFC-113 

HCFC-141b 

HCFC-225  ca/cb 

HFC-4310  ' 

Vapor  Pressure' 

210 

331 

569 

290 

226 

Viscosity’ 

0.61 

0.68 

0.43 

0.59 

0.67 

Heat  of  Vaporization^ 

30 

35 

53.3 

34.6 

31 

Specific  Heap 

0.28 

0.22 

0.30 

0.24 

0.27 

‘ mmHg  @ 25°C  Data  compiled  from  published  information. 

“ cps  @ 25X 
^ cal/g  @ boiling  point 
^ cal/g  ^C  @ 25°C 


Environmental  Properties 


Property 

3M  HFE-7100 

CFC-113 

HCFC-141b 

HCFC-225  ca/cb 

HFC-4310 

Ozone  Depletion 
Potential'-ODP 

0.00 

0.80 

0.10 

0.03 

0.00 

Global  Warming 
PotentiaF-GWP 

500 

5000 

630 

170/530 

1300 

Atmospheric 
Lifetime-ALT  (yrs) 

4.1 

85 

9.4 

2, 5/6.6 

17.1 

' CFC- 1 1 = 1 .0  NOI  f:  nCh'C^225  calch  ratio  is  45/55 

GWP  - 1 00  year  Integration  1'inie  hlorizoii  (ITH)  Data  compiled  from  published  information 


(continued) 


Table  3.64:  (continued) 


Comparison  Guide 


Property 

C4F9OCH3 

C2CI3F3* 

CCI2FCH3* 

CH3CCI3* 

C3CI2HF5* 

CsHaFio* 

HFE-7100 

CFC-113 

HCFC-141b 

1,1,1  TCA 

HCFC-225  ca/cb 

HFC-4310 

Boiling  Point  (°C) 

60 

48 

32 

74 

54 

54 

Surface  Tension  (dynes/cm  @ 25°C) 

13.6 

17.3 

19.3 

25.1 

16.2 

14.1 

Heat  of  Vaporization  (Cal/g)  @ Boiling  Point 

30 

35 

53.3 

58 

35 

31 

Viscosity  (cps  @ 25°C) 

0.61 

0.68 

0.43 

0.77 

0.59 

0.67 

Vapor  Pressure  (mmHg  @ 25°C) 

210 

331 

569 

128 

137-175 

226 

Specific  Heat  (Cal/g/°C  @ 25°C) 

0.28 

0.22 

0.30 

0.25 

0,24 

0.27 

Flash  Point  (°C) 

NONE 

NONE 

NONE 

NONE 

NONE 

NONE 

Liquid  Density  (g/ml)  @ 25°C 

1.52 

1.56 

1.23 

1.30 

1.55 

1.58 

1 Freezing  Point  (°C) 

-135 

-35 

-103 

-39 

-131 

-80 

Solubility  for  H2O  (ppm  by  wt.) 

95 

110 

420 

266 

370 

490 

Solubility  in  H2O  (ppm  by  wt.) 

<20 

170 

210 

700 

210 

140 

ODP  (CFG -11  = 1.0) 

' 0 

0.8 

0.10 

0.1 

0.03 

0 

Atmospheric  Lifetime  (Years) 

4.1 

85 

9.4 

5.4 

r 2.5-6.6 

17.1 

GWP  (100  Year  ITH) 

480 

5000 

630 

110 

170/530 

1300 

Toxicity  Data 

Acute  Inhalation  (ppm)  (4  hr.  LC50) 

>100M 

ca50M 

62M 

16M 

37M 

10M 

8 hr.  Exposure  Guideline  (ppm) 

600 

1000 

500 

350 

50 

200 
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Table  3.64:  (continued) 


3M  HFE-7100  Toxicological  Test  Results 


Acute  Lethal  Inhalation  Concentration 

>100.000  ppm  (4  hr) 

Oral 

Practically  non-toxic  (>5g/kg) 

Eye  Irritation 

Practically  non-irritating 

Skin  Irritation 

Minimally  irritating 

Skin  Sensitization 

Not  a Skin  Sensitizer 

Inhalation  Range  Finding  (28  day) 

600  ppm  Exposure  Guideline' 

Developmental  Toxicity 

No  abnormal  effects  observed 

Mutagenicity 

Not  a mutagen 

Cardiac  Sensitization 

No  signs  of  sensitization  at  exposures  up  to  100,000  ppm 

Ecotoxiciiy 

In  Progress 

90  Day  Inhalation 

In  Progress 

' Exposure  Guideline  set  by  the  3M  Medical  Department 


3M  HFE-7100  Materials  Compatibility 


Metals 

Plastics 

Elastomers 

Aluminum 

Acrylic 

Butyl  Rubber* 

Copper 

Polyethylene 

Natural  Rubber 

Carbon  Steel 

Polypropylene 

Nitrile  Rubber 

302  Stainless  Steel 

Polycarbonate 

EPDM 

Brass 

Polyester 

Molybdenum 

Epoxy 

Tantalum 

PMMA 

Tungsten 

PET 

Cu/Be  Alloy  Cl 72 
Mg  Alloy  AZ32B 

ABS 

1 

Compatible  after  one  hour  exposure  at  boiling  temperature. 
* Butyl  Rubber  best  for  extended  exposure  >/  month. 
Exceptions:  some  swelling  of  RTF E and  Silicone  Rubber. 
Some  surface  oxidation  of  copper  during  heat  aging. 


3M  HFE-71DE  Hydrofluoroether  Azeotrope 

3M™  HFE-71DE  is  a hydrofluoroether,  Methyl  Nonafluorobutyl  Ethers  (C4F9OCH3),  in  an  azeotrope  formulation 
with  trans-1,2-dichloroethylene.  This  mixture  is  a true  azeotrope,  with  constant  vapor  and  liquid  composition  at 
its  boiling  point.  This  fluid  is  suited  to  medium  duty  cleaning  and  degreasing  tasks,  as  well  as  specialty  solvent 
applications,  and  is  Intended  to  replace  ozone-depleting  materials.  It  has  zero  ozone  depletion  potential  and  other 
favorable  environmental  properties.  3M  HFE-71 DE  has  a time-weighted  average  exposure  guideline  of  600  ppm 
for  the  3M™  HFE-71 00  component,  and  200  ppm  for  trans-1,2-dichloroethylene  (8  hr  average). 

The  increased  solvency  and  low  surface  tension,  nonflammability  and  constant  composition  during  boiling  of  3M 
HFE-71  DE  make  it  suitable  for  immersion  and  vapor  degreasing  applications.  These  properties  also  may  make 
the  azeotrope  suitable  for  certain  coating  and  lubricant  deposition  applications  where  increased  solvency  is 
required. 

3M  HFE-71  DE  Typical  Applications 


Cleaning,  Rinsing  and  Drying  Agent 

Cleaning  of  oils,  greases,  waxes 
Specially  solvent  applications 

For  infonnation  on  other  applications,  contact  your  3M  representative  or  3M 
authorized  distributor. 
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Table  3.64:  (continued) 


General  Properties 


Properties 

3M  HFE-71DE 

CFC-113 

HCFC-141b 

HCFC-225  ca/cb 

HFC-4310 

Formulation 
Boiling  Pt  °C 
Freeze  Pt 
Liquid  Density^ 

Surface  Tension*' 
Kauri-Butanol  Value 
Flash  Point 

Flammability  Range  in  Air 

Azeotrope' 

41 

-24' 

1.37 

16.6 

27 

None 

None 

C2CI3F3 

48 

-35 

1.56 

17.3 

31 

None 

None 

CCI2FCH3 

32 

-103 

1.23 

19.3 

56 

None 

7.1-18.6^’ 

C3CI2HF5 

54 

-131 

1.55 

16.2 

31 

None 

None 

Azeotrope^ 

39 

not  avail. 
1.41 
15.2 
N/A 
None 
N/A 

' 50%  3M  HFE-7100  (C4pyOCH3),  50%  trans-l,  2-dichloroethylene 
^ 61.7%  HFC-4310  (C5H2FH)),  38%  trans-l,  2-dichloroethylene  (Dupont  Vertrel  MCA) 
Critical  Solution  Temperature 
^ g/mil  @ 25°C 
^ dynes/cm  @ 25°C 
Vol  % by  ASTM  E681-94  @ 100°C 


Physical  Properties 


Properties 

3M™  HFE-71DE 

CFC-113 

HCFC-141b 

HCFC-225  ca/cb 

HFC-4310' 

Vapor  Pressure^ 

473 

331 

569 

290 

464 

Viscosity' 

0.45 

0.68 

0.43 

0.59 

0.49 

Heal  of  Vaporization^ 

48 

35 

53.3 

34.6 

43,3 

Ozone  Depletion 
Potential-ODP' 

0.00 

0.80 

0.10 

0.03 

0.00 

Global  Warming 
Potential*’ 

250 

5000 

630 

170/530 

N/A 

Atmospheric 
Lifetime  (yrs) 

4.1’ 

85 

9.4 

2.5Z6.6 

N/A 

' 61.7%  HFC-4310  (C5H2FKJ),  38%  trans-l,  2-dichloroethylene  (Dupont  Vertrel  MCA) 
- mmHg  @ 25°C 
' cps  @ 25°C 
cal/g  @ boiling  point 
^ CFC-ll  = 1.0 

^ GWP  - 100  year  ITH,  CO2  = 1 .0 
’ 4.1  - 3M  HFE-7100,  0,01  trans-l,  2-dichloroethylene 


3M  HFE-71DE  Material  Specifications 


Methyl  Nonafluorobutyl  Ethers'  50%  by  weight 

Trans- 1, 2-dichloroethylene  50%  by  weight 

Appearance  Clear,  colorless 

' 3M  HFE-7100  (C4F9OCH3)  consists  of  two  inseparable  isomers  with  essentially  identical  properties. 
These  are  (CF3)2CFCF20CH3  (CAS  No.  163702-08-7)  and  CF3CF2CF2CF2OCH3 
{CAS  No.  163702-07-6). 
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Table  3.64:  (continued) 


Regulatory  Status 

The  U.S.  Environmental  Protection  Agency  (EPA)  has  completed  its  Pre-Manufacturing  Notification  (PMN)  review 
and  has  permitted  3M  to  commercialize  3M™  HFEs  immediately.  Both  components  of  3M  HFE-71 DE  are  TSCA 
listed.  3M  Is  pursuing  an  "Acceptable"  listing  for  Methyl  Nonafluorobutyl  Ethers  under  the  EPA's  Significant  New 
Alternative  Policy  (SNAP)  program.  Trans-1,2-dichloroethylene  is  approved  under  SNAP  for  use  as  a cleaning 
solvent. 

As  a result  of  its  lower  toxicity,  trans-1 ,2-dichloroethylene  is  far  less  regulated  In  its  use  compared  to  "chlorinated 
solvents."  The  only  regulations  affecting  3M  HFE-71  DE  due  to  the  presence  of  trans  are  VOC  emissions  and 
reporting  requirements  if  it  is  emitted  into  water  or  if  a spill  of  2000  lb  or  more  occurs.  Trans  is  not  considered 
a Hazardous  Air  Pollutant  and  is  not  subject  to  annual  reporting  requirements.  The  following  table  lists  the 
regulations  covering  trans  compared  to  chlorinated  solvents. 


Regulations  on  Chlorine-Containing  Solvents 


Regulation 

Trans- 1,2-dichloro 
ethylene 

Trichloro 

ethylene 

Perchloro 

ethylene 

Methylene 

Chloride 

VOC  Designation 

Yes 

Yes 

Yts 

No 

Hazardous  Waste 

Yes  for  pure  trans 
(no  for3IVr^  HFE-7IDE) 

Yes 

Yes 

Yes 

Reportable  Qly  lor 
Accidental  Release 

LOOO  lbs 

(2.000  lbs  in  3M  HFE-71DE) 

100  lbs 

100  lbs 

LOOO  lbs 

Regulated  if  Emitted  into  Water 

Yes 

Yes 

Yes 

Yes 

Hazardous  Air  Pollutant 

No 

Yes 

Yes 

Yes 

Annual  Reporting  (EPCRA  313) 
(SARA) 

No 

Yes 

Yes 

Yes 

OSH  A List  of  loxins/carcinogcns 

No 

Yes 

Yes 

Yes 

NJ  or  CA  Hazardous  Lists 

No 

Yes 

Yes 

Yes 

Typical  Physical  Properties  of  HFE  L-13938 


Boiling  Point  (°C)  60 

Freezing  Point  (°C)  -135 

Flash  Point  CO  None 

Solubility  for  water  (ppm)  95 

Solubility  in  water  (ppm)  <10 


Thermal  Transport  Properties  of  HFE  L-13938 


<ao”C 

@ -40°C 

Density  (gm/ml) 

L54 

1.63 

Specific  Heat  (J/Kg  '^C) 

1133 

1053 

Viscosity  (cSt) 

.60 

1.07 

Thermal  Conductiyity  (W/m  '^C) 

.074 

.082 

(continued) 
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Table  3.64:  (contlnuech 

Environmental  Properties  of  HFE  L- 13938 

1) 

1 00th  year) 

1) 


Ozone  Depletion  Potential  (ODP) 
Volatile  Organic  Compound  (VOC) 
Atmospheric  Lifetime 
GWP  (IPCC  1994) 

HGWP 


0 (CFCI1  = 

No 

4.0  years 

500  (C02=l, 

0.09  (CFCll  = 


Toxicological  Properties  of  HFE  L-13938 


Oral 

Eye  Irritation 
Skin  Irritation 
Skin  Sensitization 
Inhalation 
ALC 

Chronic  Toxicity 


Practically  non-toxic  orally 

No  irritation 

No  Irritaiton 

Not  a Skin  Sensitizer 

No  observable  effects  at  10,000  ppm 

>100,000  ppm  (4hrs) 

In  Progress 


Pressure  Drop  Factor  for  Secondary  Liquids 


GJ  Sherwood 
3MEF&S 


NaCL  (19%  in  walcr) 


in  water) 


C«CI2  (18%  in  walcr) 


KlCOj  (27%  in  water) 


Methyl  Alcohol 

(20%  in  water) 

Ethylene  Glycol 
(31%  in  water) 

Ethyl  Achohol 
(25%  in  walcr) 

Propylene  Glycol 
(33%  in  water) 

Dowtfaenn™  J 
Syltfaerm^*'  XLT 
HFE  H3938 
Tyfojdt™  1.21 
TyfoxItT**  1.15 
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Table  3.64:  (continued) 


QJ  Sherwood 

Heat  Transfer  Factor  of  Secondary  Liquids 


NaCL  (19^  in  water) 


Nllj  (11%  in  water) 

CaCl2(18%  in  water) 

KjC03  (27%  in  water) 

Methyl  Alcohol 
(20%  itt  water) 

Ethylene  Glycol 
{31%  in  water) 

Ethyl  Alcohol 
(25%  in  water) 

Propylene  Glycol 

(33%  in  water) 

Dowthenn™  J 
Sylthertn^«  XLT 
L- 13938 
Tyfoxit^'-  1.21 
Tyfoxit™  1.15 


Temperature  Difference  Factor  of  Secondary  Liquids  ^ 

NaCL  (19%  in  water) 
NII3  (11%  in  water) 
CaCl2  (18%  in  water) 
KjC03  (22^ 

Methyl  Alcohol 

(20%  in  water) 

Ethylene  Glycol 
(31%  in  water) 

Ethyl  Alcohol 
(25%  in  water) 

Propylene  Glycol 
(33%  in  water) 

Dowthenn’’**  J 
Sylthenn™  XLT 
HFE  L-13938 
Tyfoxlt^**  1.21 
Tyfoxit«  1.15 

-45  -40  -35  -30  -25  20  -15  -10  -5  0 5 10  15  20  25  30 

0 Coding  Limit  Temperature  °C 
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Table  3.64:  (continued) 

Theoretical  Specific  Pump  Power  Requirements 


Physical  Properties  of  HFEs 


Property 

C4F«»ocrb 
(HFE  A) 

C4F9OQH5 
(HFE  B) 

CHClCFCb 

(CFC-113) 

CHiCCb 

(TCA) 

Boiling  Point 
(°C) 

60 

73 

48 

74 

Freezing  Point 
(°C) 

-135 

-117 

-35 

-39 

Flash  Point 
(°C) 

None 

None 

None 

None 

Solubility  for 
Water  (ppm)* 

95 

92 

170 

266 

Solubility  in  < iQ** 

Water  (ppm)* 

* <4  25  T' 

“ dfttt.  Uon  limit  lor  outterkil 

<10** 

110 

700 

Physical  Properties  of  HFEs 


Property 

(@23°C) 

OF90CH3 
(HFE  A) 

C4F9OC2H5 
(HFE  B) 

CFiClCFCh 

(CFC-113) 

(@25X) 

CHjCCb 

(TCA) 

Liquid  Density 
(g/ml) 

1.50 

1.43 

1.56 

1.32 

Viscosity 

(cp) 

0.61 

0.61 

0.68 

0.83 

Surface  Tension 
(dynes/ cm) 

13.6 

13.6 

17.3 

25.1 

Heat  of  Vaporization 
(cal/g) 

30 

30 

35 

58 

Specific  Heat 

0.28 

0.29 

0.22 

0.24 

(cal/g/x:) 
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Table  3.64:  (continued) 


Environmental  Properties  of  HFEs 


Property 

CiFvOCHi 
(HFE  A) 

C>F'0C2H^ 
(HFE  B) 

C FX :ic  FCh 
(CFc-ni) 

ClhCCh 

(TCA) 

ODP 

0 

0 

o.rt 

0.1 

(CFC-n^l) 

VOC 

No 

No 

No 

No 

Atmospheric  l.ifetinie 
(tpuirs) 

5.5 

1.2 

no 

6.1 

CWP 

500 

110 

4500 

100 

(C02=l,  lOOYem  ini) 

iu;wp 

0.12 

0.0.1 

1.4 

0.02 

(CTC-/  / = /) 

Key  Material  Compatibilities  with  HFEs 

Coinpalible  with: 

Metals 

Plastics 

Aluminum 

Acrylic 

Copper* 

Polyethylene 

Carbon  Steel 

Polypropylene 

302  Slainles.s  Steel 

PVC 

PMMA 

Ela.stomer.s 

Polycarbonate 

Natural 

Neoprene 

1‘xception.s; 

Urethani* 

Some  swelling  of  P Tl  i; 

L I ‘DM 

Sip,nificant  swellinp^  of  Silicone  IviibU-r 

SBK 

Nilnie 

* Some  surface  oxl<.lalion  clurinp,  heal  ay^inp, 

One  u 

'eek  exposures  at  boiling  temperature 

HFE  Toxicity  Evaluations  - Status 

• Phase  1 - (Acute)  Te.sls 

Oral 

Practically  non-toxic  orally 

Inhalation 

No  observable  effects  at  10,000  ppm 

Ai,coi(\,i\,o-ni, 

> 100,000  ppm  (4  hr) 

Air  ot'(\ivO-c\ii^ 

> 50,000  ppni  (4  hr) 

Skin  Irritation 

No  Irritation 

Skin  Sunsiiizniion 

Test  In  Progress 

Eye  Irritation 

No  Irritation 

Amc.s  Assay 

In  Preparation 

• Phase  2-  (Advanced)  Tests 
Ecoioxicitv 
C arJiac  Sensiti/alion 

All  In  Preparation 

Inhal.ition  Uangc  l iiulmg  Devdopincnlari  o.xiclty 
01)  Day  Inhalation 

Hydrocarbon  Solvency 

SolubUity  for  dodecane 

1 

QFnll  y 

CF.CFHCFHCFXF,  m 
(HFC4.V10)  m 

LIFE  A 
HFE  B 

VI 

; Koilinif  Poinl 
I ■Room  lump 

1 

» 1*  2a  jii  4fl  SI 

by 
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Table  3.64:  (continued) 


HFEs  vs.  HFCS 
♦ Higher  Hydrolytic  Stability 


Compound 

HF  Generation  Rate 
(A  Boiling  Point 
(fig/g/-hr) 

HF  Generation  Rate 
Boiling  Point  + 50  ®C 
()ig/g/-hr) 

C.K.OC  Hi 

0.46 

0.67 

(HFF  A) 

C.F.OC1H1 

0.07 

0.22 

(HFF  B) 

C.FnCHi 

1.31 

18.0 

Siimplifs  he*ik’it  ft>r  Ih  hnurs  m tuhi*s  voiikimin^,  1)  1 M .ujufous  sodium  iKt’Uito 

AnjIy/vJ  usinj»  voulonietni  lilrahon  smupIos  iiig  .»  ItuorKle  spoi  ilu.  oloi  Itoilo 


Stability  of  HFEs 

Hydrolytic  Stability 


C4KOCH3  OhOCilh  CF2CICFCU 
IHFE  A)  (HFE  B)  (CFC-113) 


HF  Cenvnit ion  Rote 
& Botlnni  Point 


0,07 


0.02 


CbFu 
<0  01 


HI  Genfnition  Rate 
ui  litre 


0.67 


0.22 


0 44  <0  01 


■ Samples  healed  !nr  1 6 hours  in  sealed  tubes  containing  0 t M aqueous  sodium  acetate 

■ Analyzed  using  coulomelric  titration  employing  fluoride  ion  specific  electrode 


HFEs  vs.  HFCs 

^ Shorter  Atmospheric  Lifetimes 

Ratio  of 

HFE  vs  HFC  Estimated  Lifetimes* 

(HF^OiFC) 

CF>0-CH3  vs  CF3CH3  0.03 

C2FS-O-CH3  vs  C2F5CH3  0.13 

C3F7-O-CH3  vs  C3F7CH3  0.20 

C4F9-O-CH3  vs  C4F9CH3  0.25 

‘From  calculated  reaction  rates  with  hydroxyl  radical 
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Percent  Oil  Removal 


Table  3.64:  (continued) 


HFEs  vs.  MFCs 

♦ Lower  Global  Warming  Potentials 

Compound 

Global  WarminR  Potential 
(CO2  = 1,  100  year  HH) 

C4F90C2H5(HFEB) 

110 

CaF^OCHitHFE  A) 

500 

CF1CFHCFHC2F5  (FIFC.43-10mee) 

1000 

CF3CH2F(HFC-134a) 

1200 

CFnCFHCFi(HFC-227ea) 

2050 

(continued) 
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Table  3.64:  (continued) 


Cleaning  Performance  Results  - As 
An  AVD  ™ Rinsing  Agent 


Percent 

Soil  Removal 

C4F9OCH3 

C4F9OC2H5 

CFC-113 

Heavy  Oil 

99.9 

100.0 

100.0 

Flux 

100.0 

100.0 

80.8 

All  mate  rials  except  CFC-113  employed  a 1 minute  immersion  in  Pelniferm  Solvating  Agent  24 
with  sonk'aUon  followed  by  -V)  seconds  immeision  rinsing  at  th*,>  boiling  point 

Heavy  Oil  - Duo  Seal  Pump  Oil  (Sargent-Wek h Siienti/ic  Co.) 

Solder  Flux  • Alpha  611 


AVD  is  a tnnlemnrk  of  Petrofenn  Inc. 


HFE  Cleaning  Spectrum 

Ceaning  System: 

Neat  HFE  — ► HFE  Azeotrope  — ► 

HFE  Co-Solvent 
Cleaning 

Soils: 

Light  Oils  Modtam  W cl|bit  Oil! 

Halogcnated  Sllieonc  Olli 

Com  pounds  Labrlcnnls 

Pnrtlculntei  Rolonse  Agents 

Hydraniic  Flnlds 

Hetvy  Oils 

Hydrocnrbnn  Grenses 
Silicone  Grcneoi 
Bvfnng  CompOHide 
PoUahIng  Agente 
FIni  Rcaidne 

Solvency  of  HFEs 

Compound 

Kauri-Butanol  Value* 

CFC-113 

32 

14yl-trichoroethane 

123 

QFi4 

0 

C4F9OCH3 

10 

C4F9OCH3  Azeotrope 

27 

Solvating  Agent  24 

>150 

• per  ASTMD 1133-86 

Cleaning  Performance  Using  Neat  HFE 


Halogcnated  Silicone  Hydrocarbon 
Oil  Oil  Oil 

IV.st  conditions:  one  mmulc  immersion  in  boiling  solvent  with  sonication  followed  by 
oin’  minulo  va|x>r  rinse. 

1 lalogenatoj  Oil:  Krytox  157FSM  (DuPont) 

Siliamo  Oil:  AK  350  (Wacker  Cheinic) 

UydriK'arbon  Oil:  Mobilmet  Omicron 


Cleaning  Performance 
Using  Neat  HFE 


— C4Fk)CH3i 
--CFC-113  ! 

— C6F13H 
^C6F14 


Condi  bons:  one  mmutc  inuneision  in  boiling  solvent  with  sonication 
Soil:  Hvdnx'arbon  Oil  - (Mobilmet  Omicron) 


(continued) 
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Table  3.64:  (continued) 


Neat  HFE  Cleaning  Performance 
a - Site  Testing  Results 

Examples  of  Components  Successfully  Cleaned  using  Neat  HFEs 


Custom er  Part 


Soil  Rem  oved 


Result 


Medical  Device 
Gyroscope 
Diskette  Shutter 
* Cleaned  in  Vapor  Huae 


Light  Hydrocarbon  Oil 
Brominated  Flotation  Fluid 
Light  Silicone  Oil* 


Meets  Customer 
Requirements 

Meets  Customer 
Requirements 

Meets  Customer 
Requirements 


Cleaning  Performance 
Using  an  HFE  Azeotrope 


Percent  Oil 
Removal  by 
Weight 


eC4F90CH3 
□ C4F90CH3  Azeotrope 
■ CFC-113 


Test  conditions:  one  minute  immersion  in  boiling  solvent  with  sonication 
Hydrocarbon  Oil:  Metalub525 


Cleaning  Performance  as  a 
Co-Solvent  Rinsing  Agent 

Soil  Removal  (Percent  by  Weight) 


OF90CH3 

CFC-113 

CFC-113/ 

Eton 

Heavy  Oil 

99.9 

100.0 

— 

RMAHux 

100.0 

80.8 

100.0 

Use  of  HFE  employed  a 1 minute  immersion  in  Petroferm  Solvating  Agent  24 
with  sonication  followed  by  30  seconds  immersion  rinsing  at  the  boiling  point 
CFC-113  used  a 1 minute  immersion  with  sonication  at  the  boiling  point. 

Heavy  Oil  - Duo  Seal  Pump  Oil  (Sargent- Welch  Scientific  Co.) 

Solder  Flux  - Alpha  611  (Alpha  Metals,  Inc.) 


HFE  Azeotrope  Cleaning  Performance 
OC  - Site  Testing  Results 

Examples  of  Components  Successfully  Cleaned  using  an 
HFE  Azeotrope; 

Customer  Part  Soil  Removed  Results 


Meets  Customer 
Requirements 

Meets  Customer 
Requirements 

Meets  Customer 
Requirements 


Optical  Medium  Hydrocarbon  Otis* 

Component 

Medical  High  MW  Silicone  Oil 

Component 

Metal  Component  Hydraulic  Oil 

* Cteaneii  in  Vapor  Phase 


Co-Solvent  Cleaning 
Process  Equipment 


HFE  Co-Solvent  Cleaning  Performance 

a - Site  Testing  Results 

Examples  of  Components  Successfully  Cleaned  using  an 
HFE  Co-Solvent  System; 

Customer  Part 

Soli  Removed 

Results 

Aerospace 

Component 

Hydrocarbon  and 
Fluorinated  Greases 

Meets  Customer 
Requirements 

Assembled 

Bearing 

High  MW  Hydrocarbon 
Grease 

Meets  Customer 
Requirements 

Electrical 

Connector 

RMA  Flux 

Meets  Customer 
Requirements 

(continued) 


208  Industrial  Solvents  Handbook 


Table  3.64:  (continued) 


Summary: 

Performance  of  Hydrof luoroethers 
in  Cleaning  Applications 

♦ Physical  Properties  Which  Closely  Match  ODSs 

♦ Very  Good  Environmental  Profile 

Not  Precursors  to  Photochemical  Smog  (VOCs ) 
Zero  Ozone  Depletion  Potential 
Short  Atmospheric  Lifetimes 
Low  Global  Warming  Potentials 

♦ Solvency  for  a Number  of  Soils 

♦ Effective  Cleaning  Agents  in  a Variety  of  Processes 


Solubility  (at  25®C)  of  Various  Solutes 

in  PFC,  HFC,  and  HFE 

Solute 

Solubility  (percent)  in 

PFO^» 

HFC"  Methyl  HFE" 

EihylJHEE«’ 

IPA 

<1 

Miscible  Miscible 

Miscible 

Kerosene 

<1 

2 5 

Miscible 

Mineral  oil 

<1 

<1  <1 

<1 

Limonene 

<1 

3.5  20 

Miscible 

AVD19 

<1 

Miscible  Miscible 

Miscible 

(1)  (Perfluorohexane) 

(2)  C,F,,H  ("1-H  Perfluorohexane") 

(3)  F.C.OCH, 

(4)  F,C,OC,H 

Idling  Emissions  vs.  Freeboard 


Selected  Parts  and  Soils  Cleaned 

Parts 

Soils 

Ball  bearings 

Cutting  Oil 

Ball  bearing  assemblies 

EP  Grease 

Contact  lens  mounts 

RMA  flux 

Fuel  injector  components 
Graduated  capillary  spacing  test  assembly 
Heat  exchangers 
Printed  circuit  assemblies 

Wax 

(continued) 
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Table  3.64:  (continued) 


9.00 

8.00 
7.x 

I 6.x 


o 

*0  4.x 


2.x 

1.x 

O.X 


0.x 


Solvent  Dragout  Versus  Freeboard  Dwell  Time 

For  Selected  Halocarbons 


2.x 


— 1 ■ 1 ^ 

4.x  6.00  8.00 

Freeboard  Dwell  Time  (minutes) 


■ C4F90CH3 
□ HFC  43-10 
• HCFC-225 
o CFC-113 
A HCFC-141b 
L Perchloroethylene 


10.00 


12.00 


HFE  Toxicity 

Evaluation-  Status 

♦ Phase  1 - Acute  Tests 

Inhalation 

No  observable  effects  at  10,000  ppm 

ALC  ofC/9<-0-CH3 

> 100,000  ppm  (4  hr) 

ALC  of  QF,-0-C,H5 

> 50,000  ppm  (4  hr) 

Oral 

Practically  non-toxic  orally 

Eye  Irritation 

No  Irritation 

Skin  Irritation 

No  Irritation 

Skin  Sensitization 

Not  a Skin  Sensitizer 

♦ Phase  2 - Advanced  Tests 
Ecotoxicity 

Inhalation  Range  Finding  (28  day) 
Developmental  Toxicity 
Cardiac  Sensitization 
90  Day  Inhalation 

In  Progress 

(continued) 
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Table  3.64:  (continued) 


Key  Material  Compatibilities  with  HFEs 

Compatible  after  one  hour  exposure  at  boiling  temperature: 


Metals 

Aluminum 

Copper 

Carbon  Steel 

302  Stainless  Steel 

Brass 

Zinc 

Molybdenum 

Tantalum 

Titanium 

Tungsten 

Cu/Be  AUoy  C172 

Magnesium  Alloy  AZ31B 


Plastics 

Acrylic 

Polyethylene 

Polypropylene 

Polycarbonate 

Polyester 

Nylon 

Epoxy 

PMMA 

PVC 

PET 

ABS 


Elastomers 

Natural  Kubber 
Butyl  Kubber 
Nitrile  Kubber 
EPt)M 


Exceptions;  Some  swelling  of  FTFE  and  Silicone  Rubber, 

Some  surface  oxidation  of  copper  during  heat  aging. 


Applications  for  HFEs 

♦ Cleaning  Solvents 

Metals  & Precision  Cleaning 
Electronics  Qeaning 

♦ Carrier  Solvents 

♦ Drying  Fluid 

♦ Heat  Transfer  Fluid 

♦ Clean  Extinguishing  Agents 


Cleaning  Performance  Using  Pure  HFE 


Percent  Oil 
Removal  by 
Weight 


Halogenated  Silicone  Hydrocarbon 
Oil  Oil  Oil 

Test  condihons:  one  minute  immersion  in  boiling  solvent  with  sonication  followed  by 
one  minute  vapor  rinse*. 

Halogenatetl  Oil:  Krytox  157FSM  (DuPont) 

Silicone  Oil;  AK  350  (Wacker  Chemie) 

Hydrocarbon  Oil:  Mobilmet  Omicron 


Hydrofluoroethers 

A Family  of  New  Fluorinated  Solvents 

♦ Cover  a Range  of  Boiling  Points 

♦ Effective  Cleaning  Agents 

♦ Good  Materials  Compatibility  and  High  Stability 

♦ Are  Not  Precursors  to  Photochemical  Smog  (VOCs  ) 

♦ Have  Zero  Ozone  Depletion  Potential 

♦ Short  Atmospheric  Lifetimes 

♦ Low  Global  Warming  Potentials 

♦ With  Favorable  Toxicity  Results 

♦ Additional  New  Materials  Under  Development 


Nitroparaffins 


Table  4.1 : Angus  Nitroparaffins  (34) 
Nitromethane  CH3NO2 

CAS  Registry  No.  75-52-5 

Nitroethane  CHjCHjNOj 

CAS  Registry  No.  79-24-3 


1- Nitropropane  CHgCHjCHjNOj 

CAS  Registry  No.  108-03-2 

2- Nitropropane  CH3CH(N02)CH3 

CAS  Registry  No.  79-46-9 


Specifications 

Purity,  % by  wt  (min.)* 

Total  nitroparaffins,  % by  wt  (min.)* 

Specific  gravity  at  26/26 *C 

Acidity  as  acetic  acid,  % by  wt  (max.)  

Water,  % by  wt  (max.) 

Color.  APHA  (max.) 

*Detarmlned  by  gas  chromatography 

Nitromethane 

98.0 

99.0 

1,124-1.136 

0.1 

0.1 

20 

Nitroethane 

98.0 

99.0 

0.2 

20 

1-Nltropropane 

98.5 

99.0 

0,2 

0.1 

20 

2-Nitropropane 

96.0 

99.0 

0.1 

0.1 

20 

Typical  Properties  of  Commercial-Grade 

Nitroparaffins 

Nitromethane 

Nitroethane 

1-Nitropropane 

2-Nitropropane 

Distillation  range  at  1 atm  (90%  min.),  "C 

100-103 

112-116 

129-133 

119-122 

Vapor  density  (alr=1)  

2.11 

2.68 

3.06 

3,06 

Change  of  density  with  temperature,  0-50X, 

g/(ml*-C) 

0.0014 

0.0012 

0,0011 

0.0011 

Weight  per  U.S.  gallon  at  68T.  lb 

9.4 

8.75 

8.35 

a24 

Flash  point,  Tag  open  cup,  “F 

112 

106 

120 

100 

Tag  closed  cup,  “F 

96 

87 

96 

82 

Lower  limit  of  flammability,  % by  vol  (at  “C) 

73(33) 

3.4(30) 

2.2<^) 

2.5<27) 

Ignition  temperature,  “C 

418 

414 

420 

428 

Evaporation  rate  (n-butyl  acetate=100) 

139 

121 

88 

110 

Evaporation  number  (diethyl  ether=1) 

9 

11 

16 

10 

Physical  Properties  of  the  Nitroparaffins 


Nitromethane 

Nitroethane 

1-Nitropropane 

2-Nitropropane 

Molecular  weight  (calcd.) 

61.041 

75.068 

89.095 

89.095 

Boiling  point  at  760  mmHg,  X 

101.20 

114.07 

131.18 

120.26 

Vapor  pressure  at  25X,  mmHg 

36.66 

20.93 

10.23 

18.0 

Freezing  point,  X 

-28.55 

-89.52 

-103.99 

-91.32 

Density  at  20X,  g/ml  

1.138 

1.051 

1.001 

0.988 

at30*C.g/ml  

1.124 

1.039 

0.991 

0.977 

Coefficiont  of  expansion  per  X 

0.00122 

0.00112 

0.00101 

0.00104 

per "F 

0.00068 

0.00062 

0.00056 

a00058 

Refractive  index,  Dq,  at  20X  

1.38188 

1.39193 

1.40160 

1.39439 

at30X  

1,37738 

1.38754 

1.39755 

1.39028 

Surface  tension  at  20X,  dynes/cm 

37.48 

32.66 

30.64 

29.87 

Viscosity  at  20X,  cp  

0.647 

0.677 

0.844 

0.770 

at30X,cp  

0.576 

0.602 

0.740 

0.677 

(continued) 
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Table  4.1 : (continued) 


Physical  Properties  of  the  Nitroparaffins 


NItromethane 

Nitroethane 

1-Nitropropane 

2-Nitropropane 

Heat  of  combustion  (liq.)  at  25°C,  kcal/mole 

—169.3 

—325.6 

—481.9 

—478.0 

Heat  of  vaporization  (liq.)  at  kcal/moie 

9.147 

9.94 

10.37 

9.66 

at  bp,  kcal/mole  

6.23 

9.06 

9.19 

a79 

Heat  of  formation  (liqj  at  25"C,  kcal/mole 

—27.03 

-33.9 

—40.15 

^43.2 

Specific  heat  at  25®C,  cal/(mole-®C) 

25.33 

33.10 

41.96 

41.87 

at25"C,cal/(g  ”Q  

0.415 

0.441 

0.471 

0.470 

Dielectric  constant  at  30*C 

35,87 

26.06 

23.24 

25.52 

Dipole  moment,/*,  gas,  Debye  units 

3.50 

3,58 

3.72 

3.73 

liquid,  Debye  units  

3.17 

3.19 

— 

— 

Aqueous  azeotrope,  bp,  

83.59 

87.22 

91.63 

88.55 

%NPbywt  

76.4 

71.0 

63,5 

70.6 

pH  of  0.01  M aqueous  solution  

6.4 

6.0 

6.0 

6.2 

Solubility  In  water  at  20®C,  % by  wt 

10.5 

4.6 

1.5 

1.7 

at25"C.%bywt 

11.1 

4,7 

1.5 

1.7 

at  70*C,  % by  wt 

19.3 

6.6 

2.2 

2S 

Solubility  of  water  In  NP  at  20®C,  % by  wt 

IS 

0.9 

0.6 

0.5 

at25*C,%bywt 

2.1 

1.1 

0.6 

0,5 

at70*C,%bywt 

7.6 

3.0 

1,7 

1.6 

Hydrogen  bonding  parameter,  r 

2.5 

2.5 

Z5 

2.5 

Solubility  parameter,  j 

12.7 

11.1 

10.7 

10.7 

(NMP~) 

CH, 

I 

CH,— C— CH,OH 

I 

NO2 

2-Nitro-2-methyl-1-propanol 
|CAS  Reg.  No.  76-39-1) 


NO2 

2-Nitro-2-methyl-l  ,3-propanediol 
[CAS  Reg.  No.  77-49-6) 


(NB-) 

H 

I 

CH3CH2— C— CH2OH 

I 

NOj 

2-Nitro-l-butanol 
[CAS  Reg.  No.  609-31-4) 


(continued) 


Nitroparaffins  213 


Table  4.2:  (continued) 


Product  Specifications* 


Melting 

Water  % 

Free  Formaldehyde 

1%  by  wt. 

Pt./C 

By  wt. 

% by  wt. 

Aq.  Solution 

Solid  Form 

(Min.) 

(Max.) 

(Max.) 

pH  Color  (max.) 

NMP  (pelfets)  f 

86-90 

0,5 

0.06 

- 

THIS  NITRO  (solid) 

- 

- 

2.0-5.0  5 Gardner 

t 23.60%  (mla)  by  wt.  of  bound  formaldehyde,  1.6%  (max.)  by  wl  of  stearic  acid. 


Assay,  % by 

Free  Formaldehyde 

pH,  20%  by  wt. 

Color, 

Aqueous  Solutions 

wt.  (min.) 

% by  wt.  (max.) 

Aq.  Solution 

Gardner,  (max.) 

TR(S  NITRO  25% 

25.0 

1.0 

2.0  - 5.0 

5 

TRIS  NITRO  37.5% 

37.5 

1.0 

TRIS  NITRO  50% 

50.0 

1.0 

2.0  - 4.5 

5 

NEPD  Aqueous 

55.0 

1.0 

2.0  - 5.0 

5 

NMP  Concentrate 

60.0 

0.5 

2,5  ■ 5.1 

1 

* Test  methods  available  upon  request 

Physical  Properties  of  Purified  Materials 

NMP 

NMPD 

NEPD 

NB 

TRIS  NITRO 

Molecular  weight  (calc) 

119.12 

136.12 

149.16 

119.12 

151.12 

Melting  point,  ®C 

90 

'VI 60 

'VI 50 

-47  - -48 

175-176  decomp. 

Boiling  pt.,  X at  10  mmHg 

— 

decomp. 

decomp. 

105 

— 

at  15  mmHg 

94 

— 

— 

— 

pH  of  0.1  M soln  at  20X 

5.1 

5.4 

5.5 

4.5 

5.0 

Density  at  25°C,  g/mL 

— 

1.129 

_ 

Wt  per  gallon,  lb  at  68^ 

— 

9.43 

— 

Coefficient  of  expansion 

— 

0.00076 

— 

per  X 

Refractive  index,  n^ 

— 

— 

— 

1.444 

— 

at  20X 

Surface  tension  at 

— 

— 

37.7 

— 

20X  dynes/cm 

Solubility  in  100  mL 

350 

80 

400 

64 

220 

of  water  at  20X  (g) 

Table  4.3:  Angus  Primary  Amino  Alcohols  (34) 


AB® 

2-Amino-1 -butanol 
CAS  Registry  No.  96-20-8 
CH3CH^CHCH20H 
1 

AMPD  " 

2-Amino-2-methyI-1,3-propanediol 
CAS  Registry  No.  115-69-5 
CH3 
1 

NH^ 

1 

HOCH^-C-CH.OH 

1 

1 

NH^ 

AMP 

2-Amino-2-methyl-1  -propanol 
CAS  Registry  No.  124-68-5 
CH3 
I 

AEPD® 

2-Amino-2-ethyl-1 ,3-propanediol 
CAS  Registry  No.  115-70-8 

CH2CH3 

I 

Tris  Amino® 

Tris(hydroxymethyl)aminomethane 
CAS  Registry  No.  77-86-1 
CHjOH 
I 

H3C-C-CH2OH 

I 

HOCH2-C-CH2OH 

I 

T 

HOCHj-C-CH^OH 

I 

NH^ 

I 

NH2 

(continued) 
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Table  4.3:  (continued) 


Typical  Properties 

2>Amino>2-methyl> 

2-Amino- 

2-Amino-2-ethyl- 

2-Amlno-2-methyl- 

Tria(hyd  roxymethy  1)- 

1 -propanol 

1 -butanol 

1,3-propanedlol 

1. 3-pro  pane  dlol 

amlnomethane 

AMP 

AMP-95* 

AB 

AEPD 

AMPD 

TRIS  AMINO 

Regular* 

Crystals 

Neutral  Equivalent 

88.5-91 

93-97 

88.5-91 

124  (max.) 

103-107 

121-122 

Water,  % by  wt.  (max.) 

0.8 

5.8 

0.5 

3.8 

0.5 

0.5 

Melting  point,  ®C  (min.) 

— 

— 

100 

160 

Color  (max.) 

20  APHA 

20  APHA 

100  APHA 

— 

— 

Color  of  20%  aqueous  solution  (max.) 

— 

— 

— 

2 Gardner 

50  APHA 

40  APHA 

Physical  Properties  of  Purified  Materials 


2-Amlno-2-methyi- 

2-Amino- 

2-Amlno-2-ethyI- 

2-Amlno-2-methyl- 

*nrls(hydroxymethyl)- 

1 -propanol 

1 -butanol 

1,3-propanedIol 

1,3-propanediol 

amlnomethane 

Molecular  weight  (caicd.) 

89.14 

89.14 

119.17 

105.14 

121.14 

Boiling  point  at  760  mm  Hg.  ®C 

165 

178 

_ 

— 

Boiling  point  at  10  mm  Hg,  *^C 

— 

— 

152-153 

151-152 

219-220 

Melting  point,  ®C 

30-31 

-2 

37.5-38.5 

109-111 

171-172 

Specific  gravity  at  40/40®C 

0.928 

— 

1.101 

— 

— 

pH  of  0.1  M aqueous  solution  at  20®C 

11.3 

11.1 

10.8 

10.8 

10.4 

Solubility  in  water  at  20®C,  g/100  mL 

miscible 

miscible 

miscible 

250 

80 

Weight  per  galton  at  20®C,  lb 

7.78 

7.86 

9.15 

pK.  at  25®C 

9.72 

9.52 

8.80 

8.76 

8.03 

Additional  Properties  of  AMP 


AMP  Regular 

AMP-95 

Viscosity  at  10®C,  cps 

561 

25®C,  cps 

147 

30®C,cps 

102 

— 

50®C,  cps 

24 

70®C.  cps 

9 

90®C,  cps 

4 

Vapor  pressure  at  100®C,  mm  Hg 

59 

— 

150®C,  mm  Hg 

457 

Specific  gravity  at  25/25®C 

0.942 

Coefficient  of  expansion  per  ®C 

0.00095 

0.00096 

Refractive  index,  at  20®C 

1.449 

— 

Heat  of  vaporization  at  1 10®C,  kcal/mole 

13.2 

— 

130®C,  kcal/mole 

12-5 

— 

150®C,  kcal/mole 

12.3 

— 

165®C.  kcal/mole 

12.1 

-- 

Heat  of  dissociation  at  25®C,  kcal/mole 

1.29 

— 

Table  4.4:  Angus  DMAMP-80  (34) 

80%  2-Dlmethylamino-2-Methyl-1 -Propanol  Solution  CAS  Reg.  No.  7005-47-2 

2-Dimethylamino-2-methyl-1 -propanol,  a member  of  the  family  of  Angus  amino  alcohols,  is  the  tertiary-amine 
homolog  of  2-amino-2-methyl-1 -propanol  (AMP).  2-Dimethylamino-2-methyl-1-propanol  is  available  as 
DMAMP-80  which  contains  about  20%  by  weight  water. 


(continued) 
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Table  4.4:  (continued) 


Typical  Properties 

The  following  are  typical  properties  of  DMAMP-80;  they  are 
not  to  be  considered  product  specifications. 


Neutral  Equivalent "148 

Specific  Gravity  @ 25/25°C 0.95 

Weight  per  Gallon  @ 25°C 7.9  lb 

Flash  Point,  Tag  Open  Cup 1 50"‘F/66^C 

Tag  Closed  Cup 1 53^F/67°C 

Freezing  Point -4T/-20'C 

Boiling  point  @ 760  mm  Hg 208'F/"98°C 

Viscosity  @ 25"C,  Gardner  . . A-A2 

pH  of  0.1  N Aqueous  Solution 1 1 .6 


Table  4.5:  Industrial  Amines  Ranked  In  Order  of  Decreasing  Base  Strength  (34) 


Amine 

pKa 

C) 

Molecular 

Weight 

Vapor 
Pressure 
fmm  Hql 

Boiling  Flash 

Point  Point 

MainU  CQCh 

Gyciohexylamine 

10.79 

99 

95 

135 

90 

Triethylamine 

10.74 

101 

57 

90 

20 

Dlethylaminoethanol  (DEAE) 

9.87 

117 

1.0 

163 

140 

AMINOMETHYLPROPANOL  (AMP-95^) 

9.82 

89 

0.7 

165 

172 

AMINOBUTANOL  (AB^) 

9.52 

89 

1.0 

178 

193^ 

Monoethanolamlne  (MEA) 

9.44 

61 

0.36 

171 

195 

Monoisopropanotamine  (MIPA) 

9.40 

75 

0.6 

160 

165 

Dimethylethanolamine  (DMEA) 

9.31 

89 

4.0 

134 

105 

Ammonia  (29.4%) 

9.24 

17 

357 

N/A 

— 

Diethanolamine  (DEA) 

8.88 

105 

<0.01 

269 

300 

AMINOETHYLPROPANEDIOL  (AEPO®) 

8.80 

119 

<0.01 

153^ 

>200 

AMINOMETHYLPROPANEDIOL  (AMPD™)  8.76 

105 

<0.01 

152^ 

N/A 

Diisopropanolamine  (DIPA) 

8.70 

133 

0.02 

250 

250 

Morpholine 

8.43 

87 

10.08 

129 

100 

TRIS(HYDROXYMETHYL)AMINO- 

METHANE  (TRIS  AMINO*) 

8.03 

121 

<0.01 

220^ 

N/A 

Triisopropanolamlne  (TIPA) 

7.86 

191 

0.0008 

305 

320 

Triethanolamine  (TEA) 

7.77 

149 

<0.01 

335 

365 

' Cloveland  Open  Cup 
> Tag  Closed  Cup 
* 10  mm  Hg 

Table  4.6:  Comparing  Amines  for  Safety  (34) 

Acute  Oral  Acute  Skin 

Eye  Primary 

Threshold 

Flash  Point 

DOT 

LD„  Penetration 

Injury 

Skin 

Limit 

(Tag 

Hazard 

LO„  Rabbits  Irritation 

IBabbUai 

Closed 
Cuiii- 

Label 

Required 

AMP 

2.9  g/kg 
(Rats) 

No  deaths 
at  2 g/kg 

Severe 

Severe 

None  Est. 

172“F 

None 

(Combustible)* 

MonoethaLnolamine 

(MEA) 

2.1  g/kg 
(Rats) 

1.0  g/kg 

Severe 

Corrosive 

3 PPM 

185“F 

Corrosive 

Olethylamlnoethanol 

(DEAE) 

1.4  g/kg 
(Rats) 

1.26  g/kg 

Severe 

Severe 

10  PPM 

140°F 

None 

(Combustible)' 

Dimethylaminoethanol  1 -3  g/kg 
(DMAE)  (Bats) 

1 ,37  g/kg 

Severe 

Severe 

None  Est. 

105OF 

None 

(Combustible)* 

Morpholine 

1.0  g/kg 
(Rats) 

0.5  g/kg 

Severe 

Corrosive 

20  PPM 

95°F 

Flammable 

Triethylamine 

0.46  g/kg 
(Rats) 

0.42  g/kg 

Severe 

Trace 

25  PPM 

17«F 

Flammable 

T riethaLnolamlne 

8.7  g/kg 
(Rats) 

22.5  g/kg 
Killed  0 of  5 

Severe 

Minor 

None  Est. 

>200“F 

None 

* Combustible  Materials  Require  Placarding  Only  For  Bulk  Shipments. 
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Table  4.7:  NIPAR  640  (34) 


Typical  Properties  of  NiPar  640 


Specifications 


Distillation  range  at  760  mmHg  (90%  min.),  °C 

Freezing  point,  

Vapor  pressure  at  20°C,  mmHg 

Density  of  Vapors  (air=1)  (calcd) 

Specific  gravity  at  20/20X  

Weight  per  US  gallon  at  20X,  lb 

Coefficient  of  expansion  per  

Flash  point.  Tag  closed  cup,  °F 

Evaporation  rate,  by  vol 

(n-butyl  acetate=100) 

Solubility  in  water  at  20"C,  % by  wt  


36-40 
60-66 

. 99.0 
. 0.16 
...  20 

^8.4 

0.001 

94 

100 

2.6 


1 1 2-1 33  N itroethane,  % by  wt 

^-1 00  I'Nitropropane,  % by  wt . . 
^ Total  nitroparaffin  content 

J;?  %bywt(mla) 

2. 6-3.0  Water,  % by  wt  (max) 

^ 1.01  Color,  APHA  (max.) 


Azeotropes  of  NiPar  640  Components 
(Nitroethane  and  1-Nltropropane) 


Azeotrope  with  Nitroethane  Azeotrope  with  1-Nitropropane 


Boiling 

Weight  % 

Boiling 

Weight  % 

Boiling 

Component 

Point,  °C 

Component  "A"' 

Point,  "C 

Component  "A" 

Point,  °C 

Water 

100.0 

28.5 

87.2 

36.5 

91.63 

Ethyl  Alcohol 

78.3 

87.4 

78.0 

n-Propyl  alcohol 

97.2 

68.2 

94.5 

91.2 

96.95 

Isopropyl  alcohol 

82.4 

89.4 

81.8 

— 

n-Butyl  alcohol 

117.8 

45 

107.7 

67.8 

115.3 

sec-Butyl  alcohol 

99.5 

72.4 

97.2 

95.9 

99.4 

isobutyi  alcohol 

108.0 

60 

102.5 

84.8 

105.28 

f-Butyl  alcohol 

82.4 

95.5 

82.2 

— 

— 

Amyl  alcohol 

138.2 

17 

137.8 

— 

— 

Isoamyl  alcohol 
Ethylene  glycol 

131.9 

22 

112.0 

— 

monoethyl  ether 

135.1 

— 

— 

36.1 

128.3 

n-Heptane 

98.4 

72 

89.2 

85.8 

94.6 

n-Nonane 

150,8 

— 

— 

36.4 

126.2 

Toluene 

110,8 

75 

106.2 

— 

Ethylbenzene 

136.2 

— 

41.0 

127.5 

o-Xylene 

143.6 

— 

— 

15.0 

130.9 

Ethyl  butyrate 

121.5 

27 

113.7 

— 

— 

Ethyl  Isobutyrate 

110.1 

73 

108.5 

— 

Isobutyl  acetate 
Ethylene  glycol 

117.4 

40 

112.5 

monomethyl  ether 

124.5 

58.7 

121.4 

It  is  desirable  that  the  optimum  quantity  of  NiPar  640  be  used  for  each  particular  system.  This  optimum  will  vary 
from  system  to  system,  but  normally  It  will  fall  In  the  range  of  8%  to  25%  of  the  solvent  blend. 


Resistivity, 

megohm 

Relative  Evaporation 
Rate* 

Dimethylformamide 

0.02 

17 

Ektasolve  EM*" 

0.02 

50 

NiPar  640 

0,03 

100 

Ektasolve  EE^ 

0.04 

38 

Ektasolve  EB^ 

0.05 

10 

Isopropyl  alcohol,  99% 

0.07 

258 

Isophorone 

0.07 

4 

Methyl  ethyl  ketone 

0.07 

568 

n-Butyl  alcohol 

0.08 

48 

Methyl  isobutyl  ketone 

0.13 

186 

Isobutyl  alcohol 

0.15 

90 

(Cyclohexanone 

0.20 

23 

*n- Butyl  acetate  = 100 

■‘‘Trademark  of 

Eastman  Kodak  Company 

(continued) 
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Table  4.7:  (continued) 


Improved  Film  Integrity 


This  significant  improvement  in  cure  time  and  film 
performance  is  best  achieved  wrhen  3-6%  (by  wreight) 
of  the  total  solvent  blend  is  replaced  with  NiPar  640. 


Isocyanate  Coating 
Lower  Resistivity 


3%  PM  Acetate  with  Xylene 
« w 3%  Butylacetate  with  Xylene 
iititii  3%  MEK  with  Xylene 


NiR^r  640  will  provide  the  benefits  of  superior  wetting, 
improved  film  integrity  and  improved  cure  time  while 
enhancing  electrostatic  spray  performance  through  its 
contribution  to  optimum  resistivity  of  the  coating. 


Specific  Gravities  of  Nitromethane-Methanoi  Fuei  Mixtures  (34) 
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Table  4.8:  COMSOL  101-X  (34) 


Typical  Properties  of  COMSOL  101-X 


Distillation  range  at  1013  hPa 

(90%min.),  °C  112-116 

Freezing  point,  °C -89.5 

Vapour  density  (air  = 1)  2.58 

Specific  gravity  at  25/25  °C 1.045 

Change  of  density  with 

temperature,  0-50  °C,  g/(ml  x X) 0.0012 

Flash  point,  Tag  closed  cup,  °C 31 

Lower  limit  of  flammability, 

% by  vol.  (at  30  °C) 3.4 

Ignition  temperature,  °C 414 

Evaporation  rate,  by  vol. 

(n-butyl  acetate  = 100) 121 

Evaporation  number 

(dietyl  ether  = 1) 11 

Solubility  parameter,  6 11 

Hydrogen  bonding  parameter,  y 2,5 

Solubility  in  water  at  20  *^C,  % by  wt 4.6 


Improved  Film  Integrity 


Isocyanate  Coating 
Lower  Resistivity 


COMSOL  (by  weight) 

Isocyanate  Coating 
mmm  3 % PM  Acetate  with  Xylene 
H H 3 % Butytacetate  with  Xylene 
iiimi  3 % meK  with  Xylene 


(continued) 
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Table  4.8:  (continued) 

VISCOSITY  OF  VINYL  RESIN  SOLUTIONS 


VISCOSITY;  CENTIPOISE 


50  60  70  80 


1 5 g of  Bakelite  VYHH  (D)  in  100  ml  solvent 

A = methyl  ethyl  ketone  C = NiPar  S-20’’^ 

B *=  COMSOL  lOl-X  D - methyl  isobutyl  ketone 


30  40  50  60  70  80 


8 g of  Bakelite  VYNS-3  (D)  in  100  ml  solvent 


TOLUENE;  PERCENT  BY  VOLUME 


VISCOSITY  OF  ACRYLIC  RESIN  SOLUTIONS 


20  40  60  00  20  40  60  00 

50  g Acryloid  B-66  in  100  ml  solvent  50  g Acryloid  B-72  (A)  in  100  ml  solvent 

TOLUENE;  PERCENT  BY  VOLUME 
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Table  4.9:  COMSOL  280  (34) 


SPECIFICATIONS 


Nitromethane,  % wt 75  - 85 

1 -Nitropropane,  % wt 15-25 

2-Nitropropane,  % wt.  (max.) 0.1 

Total  nitroparaffins,  % wt.  (min.) 99 

Water,  % wt.  (max.) 0.2 

Colour,  APHA  (max.) 80 


AZEOTROPES  OF  COMSOL  280  COMPONENTS 


Azeoptrope  Azeotrope 

with  Nitroethane with  1-Nitropropane 


COMPONENT 

B.  P. 
(«C) 

Wt.  % 
Comp.  „A“ 

B.P. 

(«C) 

Wt.  % 
Comp.  „A“ 

B.P. 

(°C) 

Water 

100.0 

28.5 

87.2 

36.5 

91.63 

Ethyl  alcohol 

78.3 

87.4 

78.0 

- 

- 

n-Propyl  alcohol 

97.2 

68.2 

94.5 

91.2 

96.95 

Isoproyl  alcohol 

82.4 

89.4 

81.8 

- 

- 

n-Butyl  alcohol 

117.8 

45.0 

107.7 

67.8 

115.30 

sec-Butyl  alcohol 

99.5 

72.4 

97.2 

95.9 

99.40 

Isobutyl  alcohol 

108.0 

60.0 

102.5 

84.8 

105.28 

t-.Butyl  alcohol 

82.4 

95.5 

82.2 

- 

- 

Amyl  alcohol 

138.2 

<17.0 

<37.8 

- 

- 

Isoamyl  alcohol 

131.9 

22.0 

112.0 

- 

- 

Ethylene  glycol  monoethyl  ether 

135.1 

- 

- 

26.1 

128.30 

n-Heptane 

98.4 

72.0 

89.2 

85.8 

94.60 

n-Nonane 

150.8 

- 

- 

36.4 

126.20 

Toluene 

110.8 

75.0 

106.2 

- 

- 

Ethylbenzene 

136.2 

- 

- 

41.0 

127.50 

o-Xylene 

143.6 

- 

- 

15.0 

130.90 

Ethyl  butyrate 

121.5 

<27.0 

113.7 

- 

- 

Etyl  isobutyrate 

110.1 

73.0 

108.5 

- 

- 

Isobutyl  acetate 

117.4 

40.0 

112.5 

- 

- 

Ethylene  glycol  monomethyl  ether 

124.5 

- 

- 

58.7 

121.40 

B.P.  = Boiling  Point 
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Table  4.10:  COMSOL  820  (34) 


99.0  min. 
1.001  - 1.009 
0.2  max. 

80  max. 


PRODUCT  SPECIFICATIONS 

Total  NitroparafiBns,  % wt 
Specific  gravity,  25^5  ®C 
Water,  % wL 
Colour,  APHA 


TOXICITY  DATA 

Skin  irritation,  Draize  test  : 

Eye  irritation,  Draize  test 
Mutagenicity  : 

Sensitization, 

Landsteiner  & Jacobs  (guinea  pig): 


non-irritating 

non-irritating 

due  to  the  composition  of  the  product  no 
mutagenic  effects  must  be  expected. 

non-sensitizing 


Lower  limits  of  flammability  of  some  sol- 
vents (%  by  volume  in  air) 


Methyl  isobutyl  ketone 0.9 

Xylene 1.0 

Toluene 1.27 

n-Butyl  acetate 1 .7 

Methyl  ethyl  ketone 1 .7 

Acetone 2.15 

Ethylene  glycol  monoethyl  ether 2.6 


Flash  point,  °C(TCC) 


Acetone -19 

Ethyl  acetate - 4 

Methyl  ethyl  ketone - 1 4 

Toluene 6 

Methyl  isobutyl  ketone 14 

Isobutyl  acetate 18 

Xylene 25 

COMSOL  820 30.5 

Cyclohexanone 44 
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Table  5.1:  Carbon  Disulfide  {2) 


Chemical  Names:  Carbon  Disulfide,  Carbon  Bisulfide 
Common  Names:  Carbon  Disulfide,  Carbon  Bisulfide 
Formula:  CSj 

PROPERTIES 

Grades : Commercial  or  Technical,  and  USP 
Important  Physical  and  Chemical  Properties 

Physical  State:  Liquid. 

Color:  Clear,  colorless  liquid. 

Odor:  Almost  odorless  when  pure;  the  commercial  grade  has  a strong 
disagreeable  odor,  due  to  presence  of  sulfur  compounds. 
Specific  Gravity  at  20“  C/4“  C (68“  F/39“  F)  (Water  = 1):  1.263 
Vapor  Density  (Air  = 1):  2.63 
Boiling  Point  (760  mm):  46.3“  C (115“  F) 

Melting  Point:  - 108.6“  C (-163“F) 

Flash  Point  (closed  cup):  —30“  C ( — 22“  F) 

Explosive  Limits  (per  cent  by  volume  in  air) : 1 to  50 
Ignition  Temperature:  100“  C (212“  F) 

Corrosive:  Commercial  grade  slightly  corrosive  to  some  metals  due  to 
impurities. 

Dangerously  Reactive:  No.  However,  it  has  an  extremely  low  ignition 
temperature. 

Hygroscopic:  No. 

Light  Sensitive:  Turns  yellow  when  exposed  to  sunlight. 


Vapor  Pressure  or  Carbon  Disulfide 


TUfrilATUIE 

VAMl  P1ES8UIC 

ifM  mcuiv 

•c 

•F 

-78.2 

-109 

0.68 

-42.6 

-45 

11.81 

-25.35 

-14 

34.3 

-21.5 

-7 

42.7 

0 

+32 

127.0 

ii.54 

53 

211.3 

19.7 

67 

294.3 

46.3 

115 

760.0 

222 


Table  5.2:  Typical  DMSO  Properties  (36) 


Auto  ignition  temperature  in  air 

300-302*C  (572-575*F) 

Boiling  point  (1  atmosphere) 

189*C  (372*F) 

Coefficient  of  expansion 

o.ooosarc 

Conductivity  (Electrical)  | 

20*C 

3x10^  (ohm ' cm  ') 

SOX 

7x10^  (ohm  ’ cm  ’) 

Critical  heat  flux 

1.3x10*  Btu/hr  x ft^ 

(4.10x10'J/s/m^) 

Critical  molar  volume 

2.38x1  O^m* 

Critical  Pressure 

56.3  atm.  abs. 

Critical  temperature 

447X  (837*F) 

Density,  at  2SX  (see  Figure  3) 

1.0955  g/cm* 

Dielectric  constant  1MHz 

@20X 

48.9 

@40X 

45.5 

Diffusion  coefficient 

9.0x10*  cmVsec. 

Dipole  moment  D 

4.3 

Evaporation  rate  index  @ 25X 

Relative  to  n-butyl  acetate 

0.026 

Relative  to  diethylether 

0.0005 

Flammability  limits  in  air 

lower  (1(XrO 

3-3.5%  by  volume 

upper 

42-63%  by  volume 

Flash  point  (open  cup) 

95X  (203"F) 

Flash  point  (dosed  cup) 

89'C(192*F) 

Freezing  point 

18.55*C  (65.4*F) 

Heat  capacity  (liq.),  25X 

— 

0.47  cal/g^O 

Heat  capacity  (ideal  gas) 

CpfTK)  = 6.94+5.6x10T 

-0.227x10^ 

Heat  of  combustion 

6054  cal/g 

Heat  of  fusion 

41.3  cal/g 

Heat  of  solution  in  water  at  25*C 

-54  cal/g@~  dilution 

Heat  of  vaporization  at  70X 

11.3  kcal/mol  (260  Btu/Ib) 

Henry's  constant  © 2TC 

991000 

Molar  freezing  point  constant 

4.07‘'Qmol 

Molar  volume 

71.2  cmVgm 

Molecular  weight 

78.13 

pKa 

35.1 

pK  BH+ 

-2.7 

Refactive  index  No@25*C 

1.4768 

Solubility  parameters 

Hansen's 

Dispersion 

9.0  (cat/cm^« 

Polar 

8.0  (cat/cm*)’'^ 

Hydrogen  bonding 

5.0  (cal/cm’)’'' 

Hildebrand's 

13.0  (cal/cm=)“ 

Specific  heat  at  29.5X 

0.47  ± 0.015  cal/g/*’C 

Surface  tension  at  20X 

43.53  dynes/cm 

Vapor  pressure  at  25X  (see  Figure  2) 

0.600  mm  Hg 

Viscosity,  cP,  at  25X  (See  Figure  4) 

2.0 

Log  octanol-water  partition  coefficient 

-1.35 

Organic  Sulfur  Compounds  223 
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Table  5.3:  Vapor  Pressure  vs.  Temperature  for  DMSO  (36) 


0 50  100  150  200  250 

TEMPERATURE, 


Table  5.4:  Specific  Gravity  of  DMSO  as  a Function  of  Temperature  (36) 


Temperature  (°C) 

Specific  gravity  (g/cm^) 

15.6 

1.1047 

21 

1.0993 

25 

1.0955 

30 

1 .0904 

40 

1 .0803 

50 

1 .0702 

75 

1.0454 

100 

1.0200 

125 

0.9946 

150 

0.974 

Table  5.5:  DMSO  Viscosity  as  a Function  of  Temperature  (36) 


Temperature  (°0 

Viscosity  (cP) 

25 

1.991 

30 

1.808 

40 

1.511 

50 

1.286 

75 

0.916 

100 

0.691 

125 

0.546 
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Table  5.6:  Comparative  Hygroscopicities  of  DMSO  at  Various  Relative  Humidities  at  22*"C  (36) 


Table  5.7:  Initial  Sorption  Rates  of  DMSO  at  Various  Relative  Humidities  at  22^'C  (36) 


Table  5.8:  Freezing  Temperatures  for  DMSO — Solvent  Binary  System  (36) 

TEMPERATURE,  ”C 


1 DMSO-METHYL  ETHYL  KETONE 

2 DMSO-ETHANOL 

3 DMSO-MONOETHYLENEGLYCOL 

4 DMSO-CHLOROFORM 

5 DMSO-PARAXYLENE 


DMSO,  weight  % 
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Table  5.9:  Freezing  Point  for  DMSO — Water  Solutions  (36) 


TEMPERATURE,  20 

18.55^ 
18 


WEIGHT  % WATER 


Table  5.10:  Freezing  Point  Curves  for  DMSO — Water  Solutions  (36) 


■■■■■■■■■I 

■■■■■■■■■I 


BmmmmmmmmmmmwM 


ISSBSS^^IsBsl 


ummmmmmmmmmmwmmmmml 

Mmmmmmmmmmmmammmmu 


25  so  75 


wt  % DMSO 


Table  5.11:  Heat  of  Mixing  of  DMSO — H2O 


0 


BBBBBbBBBBBBBBBBBBBB 
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Table  5.12:  Specific  Gravity  of  DMSO — Water  Solutions  (35) 


1.10 
1.09 
1.08 
E 1.07 
1.06 
t 1.05 
< 1.04 

S 103 
b 1.02 
ft  101 
1.00 
0.99 
0.98 

0 20  40 


25°C 

A0°C 

60°C 


60  80  100 


WEIGHT  % DMSO 


Table  5.13:  Viscosity  of  DMSO — Water  Solutions  (36) 


0 25  50  75  100 

WEIGHT  % DMSO 

Table  5.14:  Results  of  Reflux  of  DMSO  for  24  Hours  with  Various  Compounds  (35) 


COMPOUND  (lOOg) 
IN  300g  DMSO 

REFLUX 

TEMP..°C 

DMSO  RECOVERED 
% OF  ORIGINAL 

DMS<*> 

% DECOMPOSITION  PRODUCTS. 
DMDS<«  BMTMW  HCHO 

NaOH 

185-140f*> 

93.7 

63 

31 

— 

— — 

Na,CO, 

190 

96.3 

— 

14 

— 

— — 

NaCI 

190 

98.7 

— 

15 

— 

— — 

NaCN 

148-164" 

100.0 

— 

— 

— 

— ~ 

NaOAc 

182-187 

97.0 

22 

33 

8 

20  — 

Na,SO, 

181-148<9> 

85.4 

66 

— 

— 

— 11 

DMSO  ONLY 

189 

98.0 

15 

30 

30 

— — 

(a)  Dimethyl  sulfide 

(b)  Dimethyl  disulfide 

(c)  Brs(methylthio)  methane 

(d)  Methyl  mercaptan 

(e)  Reflux  temperature  decreased  from  185°C  to  140"C  over  the  first  16  hours. 

(f)  Reflux  temperature  was  148°C  for  20  hours;  increased  to  164°C  during  the  last  4 hours. 

(g)  Reflux  temperature  decreased  gradually  from  18rc  to  148°C. 
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Table  5.15:  Thermal  Stability  of  DMSO  (36) 


TEMPERATURE,  ”C 

Table  5.16:  Refluxing  of  DMSO  and  Mixtures  for  Shorter  Periods  (36) 


COMPOSmON  OF 

REFLUX 

TIME 

ORGANIC  PRODUCT  COMPOSITION  % 

SAMPLE  PARTS 

TEMP,°C 

HR. 

DMSO 

DMS 

DMDS 

BMTM 

10DMSO:1  Hp 

152 

5 

100 

0 

0 

0 

15 

99.7 

0.15 

0 

0.15 

60  DMSO: 

5HjO:l  NaOH 

155 

5 

99.8 

0.1 

0.1 

0 

a 

99.3 

0.6 

0.1 

0 

60DMSO:12Hp: 

1 NaHCO, 

131 

6 

99.9 

0.1 

0 

0 

12 

99.8 

0.2 

0 

0 

DMSO  ONLY 

191 

5 

99.8 

0.1 

0.1 

0 

9 

99.1 

0.2 

0 2 

0.5 

16 

99.0 

0.2 

0 2 

0.6 

Table  5.17:  Effect  of  Heating  DMSO  with  Concentrated  Acids  (36) 


<200g  DMSO  WITH  20g  OF  CONCENTRATED  ACID) 


ACID 

CONC 

TEMP,, 

TIME, 

DMSO 

% OF 

DECOMPOSITION  PRO 

“C 

MIN. 

LEFT% 

DMS‘^ 

DMDS“*» 

HCHO 

H,SO, 

36N 

100 

15 

99 

100 

30 

99 

100 

120 

98 

100 

^pSO, 

36N 

125 

15 

86 

7 

93 

150 

86 

7 

93 

210 

80 

10 

90 

H,PO. 

85% 

100 

15 

92 

25 

75 

30 

89 

45 

55 

45 

89 

45 

55 

60 

87 

46 

54 

120 

87 

46 

54 

150 

86 

50 

50 

SOME 

H/0, 

85% 

125 

15 

84 

25 

75 

60 

82 

33 

67 

150 

82 

33 

67 

HCI 

12N 

95 

15 

99 

100 

30 

99 

100 

60 

99 

100 

120 

98 

100 

HCI 

12N 

115 

15 

93 

100 

30 

92 

100 

45 

87 

100 

60 

87 

100 

120 

87 

100 

SOME 

(a)  Dimethyl  Sulfide 

(b)  Dimethyl  Disulfide 
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Table  5.18:  Solubility  of  Organic  Materials  in  DMSO  (36) 


Solubility 


Solubility 


Material 

Grams/100  cc  DMSO 
20-30°C  90-100°C 

Material 

Grams/100  cc  DMSO 
20-30°C  90-100°C 

Acetic  acid 

Miscible 

- 

Dyes 

Acetone 

Miscible 

- 

Burnt  Sugar 

Soluble 

Acrawax 

< 1 

> 1 

FD&C  Blue 

Soluble 

Acrawax  B 

InsoL 

4 

Pistachio  Green  B 

Soluble 

Aniline 

Miscible 

- 

1-Eicosanol 

Insol 

Anthracene 

2 

- 

Ethyl  benzoate 

Miscible 

Beeswax 

- 

< 1 

Ethyl  alcohol 

Miscible 

Benzene 

Miscible 

- 

Ethyl  bromide 

Miscible 

Reacts 

Benzidine 

Soluble 

- 

Ethyl  ether 

Miscible 

Benzidine  methane 

Ethylene  dichloride 

Miscible 

sulfonate 

Insol. 

- 

Formalin  (37%) 

Miscible 

Bromoethane 

Miscible 

Formamide 

Miscible 

Butenes 

2.1 

Formic  add 

Miscible 

n-Butyl  acetate 

Miscible 

Glucose 

54 

Butly  carbitol 

Miscible 

Glycerine 

Miscible 

Calcium  methyl 

Glycine 

<0.05 

0.1 

sulfonate 

Soluble 

Hexane 

2.9 

Camphor 

Soluble 

Soluble 

4-Hydroxy  benzoic 

Candelilla  wax 

< 1 

acid 

24 

Carbon 

Insol. 

Hy-Wax  120 

< 1 

Carbon  disulfide 

90 

Imidazole 

80 

Carbon  tetrachloride 

Miscible 

Isophthalic  acid 

68 

76 

Carbowax  600 

Miscible 

Isoprene 

Miscible 

Carbowax  6000 

Insol. 

8 

Kerosene 

0.5 

Carnauba  wax 

< 1 

Lanolin,  hydrated 

Castor  oil 

Miscible 

(Lanette  0) 

1 1 (gets 

Ceresin  wax 

< 1 

cold) 

Chloroform 

Miscible 

Lauryl  amide 

Chlorosulfonic  acid 

Reacts 

(Armid  12) 

10 

>20 

Citric  acid 

>70 

Linear  alcohols 

Miscible 

Coconut  oil 

0.3 

1.3 

Lorol  5 

Miscible 

Misc.-160°C 

Lubricating  oil 

0.4 

Cresylic  acid 

Miscible 

Methionine 

0.1 

0.3 

Cumene 

Miscible 

Methyl  borate 

Miscible 

Cyclohexane 

4.67 

Methyl  ca prate 

Miscible 

Cyclohexene 

Miscible 

Methyl  iodide 

Miscible 

Reacts 

Cyclohexylamine 

Miscible 

Methyl  isobutyl 

Decalin 

4.5 

ketone 

Miscible 

n-Decane 

0.7 

Methyl  la  urate 

7 

Miscible 

Di-n-butylamine 

11 

Methyl  mercaptan 

40  (Reacts) 

o-Dichlorobenzene 

Miscible 

N-methyl  morpholine 

Miscible 

p-Dichlorobenzene 

Very  Soluble 

Methyl  pa  Imitate 

Immiscible 

Misc.  130- 

SDichlorodiphenyl- 

180°C 

trichloroethane 

4 

100 

Methyl  salicylate 

Miscible 

Dicyandiamide 

40 

Methyl  sulfonic  acid 

Miscible 

Dicyclohexylamine 

4.5 

Methylene  chloride 

Miscible 

Diethanolamine 

Miscible 

Microcrystalline  wax 

< 1 

Diethylamine 

Miscible 

Morpholine 

Miscible 

Diethyl  ether 

Miscible 

Naphthalene 

40 

Miscible 

bis-(2-ethylhexyl)amine  0.7 

Neoprene 

Insol. 

Inso' 

Diethyl  sulfide 

Miscible 

Nitrobenzene 

Miscible 

Di-isobutyl  carbinol 

Miscible 

Oleic  acid 

Miscible 

Di-isobutylene 

3.3  (0.6%  DMSO  soluble  in 

Ouricuri  wax 

1 

di-isobutvlene) 

Oxalic  acid 

38 

DIsopropyl  ether 

11 

Palmitic  acid 

100 

Dimethyl  ether 

4.4 

Paraffin 

Insoluble 

Dimethyl  formamide 

Miscible 

Paraformaldehyde 

Insoluble 

Slightly 

Dimethyl  sulfide 

Miscible 

soluble 

Dimethyl  sulfone 

33.9 

Miscible 

Paradichlorobenzene 

56 

DIoxane 

Miscible 

Pentaerythrito) 

5-10 

30 

Diphenyl 

Very  soluble 

n-Pentane 

0.35 

Dipentene 

10 

Pentene  1&2 

7.1 

Dodecanol 

>100 

Perchloric  acid 

Reacts  violently 

n-Dodecane 

0.38 

Petroleum  ether 

3 (DMSO  soluble  0.3-0.5% 

Dodecyl  benzene 
(Neolene  400) 


3.5 


in  petroleum  eth«r) 


: ntinued) 
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Table  5.18:  (continued) 


Material 

Solubility 

Grams/100  cc  DMSO 
20-30“C  90-1 00"C 

Material 

Solubility 

Grams/100  cc  DMSO 
20-30  C 90-100"C 

Phenol 

>100 

Tallow 

Insol. 

1.9 

Phosphoric  acid 

Miscible 

Tallow  amide, 

Phosphorus  trichloride  Reacts  vigorously 

hydrogenated 

Insol. 

>40 

Phthalic  acid 

90 

(Armour  Armide  HT) 

Picric  acid 

Soluble 

Terephthalic  acid 

26 

33 

Pyridine 

Miscible 

Tetrahydrophthalic 

Pyrogalloi 

50 

anhydride 

50 

Rosin 

> 100 

Tetralin 

Miscible 

Rosin  soap 

Slightly  soluble  0.9 

Tetrapropylene 

1 

(Hercules  Dresinate  X) 

Thiourea 

40 

85 

Sevin 

50 

Toluene 

Miscible 

Silicon  tetrachloride 

Reacts  vigorously 

Toluene  di-isocyanate  Miscible 

Sorbitan  sesquioleate  2.5 

Tributylamine 

0.9 

Sorbitan  trioleate 

Miscible 

Tricresyl  phosphate 

Miscible 

Sorbitol 

60 

> 180 

Triethanolamine 

Soybean  oil 

0.6 

laurylsulfate 

Soluble 

Starch,  soluble 

>2 

Triethanolamine 

Miscible 

Stearic  acid 

2 

Miscible 

Triethylamine 

10 

Succinic  acid 

30 

Trinitrotoluene 

Soluble 

Sugar  (sucrose) 

30 

100 

Turpentine 

10 

Sulfamic  acid 

40 

Urea 

40 

MO 

Sulfuric  acid 

Miscible 

Xylene 

Miscible 

Table  5.19:  Solubility  of  Resins  and  Polymers  in  DMSO  (36) 


Material 

Solubility,  Grams/IOOcc  DMSO 
20-30®C  90-100°C  Comments 

Aminoplasts 
Melamine  Formol 

Soluble 

Urea  formol 

Soluble 

Polyacrylics 
Orion  (DuPont) 

Acrilan  (Monsanto) 
Verel  (Eastman) 

Creslan  (Am.  Cyanamid) 

>25 
> 5 

5 

20 

Viscous  soln. 

25  at 130°C 

with  some  decomposition 
25  at  130°C 

Polyamides 
Nylon  6 

Insol. 

40  at  130"C 

Nylon  6/6 

- 

Insol. 

25  at  150"C 

Nylon  6/10 

- 

Insol. 

40  at  150"C 

Nylon  11  Rilsan(Elf  Ato) 

- 

Insol. 

- 

Nylon  12  Oryasol(Elf  Ato) 

- 

Insol. 

Soluble®  140“C 

Polyimides 

Blsmaleimide  copolymers 


Kermid  353  (Rhone-Poulenc) 
Kermid711  (Rhone-Poulenc) 
Polyamino  bis  maleimide 
Kermid  601  (Rhone  poulenc)  1 
Polyamideimide 
Torlon  4203L  (Amoco) 
Polyetherimide 
Ultem  100  (G.E.) 

Swells 

Soluble 

Swells 

Insol. 

Insol. 

Cellulose 

Cellulose  triacetate 

10 

20 

Viscose  rayon 

- 

<1 

Cellophane 

- 

Insol. 

Carboxymethyl  cellulose 

- 

Insol. 

NitrcKellulose 

- 

10 

(continued) 
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Table  5.19:  (continued) 


Material 

Solubility,  Grams/ lOOcc  DM  SO 
20-30“C  90-l(K)“C  Comments 

Cellulose 

Cellulose  triacetate 

10 

20 

Viscose  rayon 

<1 

Cellophane 

■■ 

Insol. 

Carboxymethyl  cellulose 

- 

Insol. 

Nitrocellulose 

10 

Chlorinated  Resins 

Butaclor  MC30  (Distugil) 

Swells 

CM3630  (Bayer) 

Swells 

Hypalon  DH70  (DuPont) 

Swells 

Epoxies 

Epikote  1004  (Shell) 

Soluble 

Epon  1001  (Shed) 

50 

Epon  1004  (Shell) 

50 

Epon  1007  (Shell) 

50 

Fluorinated  Resins 

Polyvinylldene  floride 

Foraflon  (Atochem) 

Swells 

Elastomers 

Viton  DF801  (DuPont) 

Swells 

Viton  DF809  (DuPont) 

Swells 

Kalrez  4079  (DuPont) 

Insol. 

Teflon  (DuPont) 

Insol. 

Insol. 

Methacrylates 

Lucite  41,  4S  (DuPont) 

- 

<1 

Plexiglas  (Rohm  & Haas) 

- 

<1 

Phenoplasts 

Modified  Novalac 

R7522 (Ceca) 

Soluble 

R7550  (Ceca) 

Soluble 

Norsophen  Resin  PH  13  (CDF  Chime) 

Soluble 

Polycarbonates 

Lexan  (General  Electric) 

>5 

Polyesters 

Dacron  (DuPont) 

>1 

Dissolves  at  160*C; 

ppts  at  1 30®C 

CX  1037  (Goodyear) 

- 

7 

Atlac  (ICI-America) 

- 

50 

Poly(ethylene  terephthalate) 

- 

- 

- 

Poly(butylene  terephthalate) 

- 

- 

Hytrel  (DuPont) 

- 

- 

- 

Silicones 


Dow  Corning  803  soln. 

Miscible 

- 

Dow  Corning  805  soln. 

Miscible 

- 

Dow  Corning  "Sylkyd  50" 

Miscible 

- 

Dow  Corning  Z6018  (flake) 

70 

- 

Sulfur  Resins 

Polyphenylene  sulfide 

R^on  VI 07  (Philips) 

Swells 

Polyethersulfone 

Victrex  660P  (ICI) 

Soluble 

Ultrason  E3000  (BASF) 

Soluble 

Udel  (Amoco) 

Soluble 

Urethanes 

Vithane  (Goodyear) 

- 

100 

Vinyle-Polymers  & Co-polymers 

Butvar  B-76  (Monsanto) 

- 

20 

Very  viscous 

Formvar  7/70  E Monsanto) 

- 

42 

Very  viscous 

Elvanol  51-05  (DuPont) 

- 

90 

Viscous 

Elvanol  52-22  (DuPont) 

- 

15 

Viscous 

Elvanol  71-24  (DuPont) 

- 

30 

Viscous 

(continued) 
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Table  5.19:  (continued) 


Solubility,  Grams/IOOcc  DMSO 

Material  20-30*^0  90- 1 00°C  Comments 


Polyvinyl  pyrrolidone  (GAF) 
Geon  101  (PVC  Goodrich) 
Vinyl ite  WHH  (Union  Carbide) 
Tesla  r (DuPont) 

30 

2 

>100 

10 

30 

Partially  sol.  at  160-170®C 

Vinyfidenes 

Darvan  (Goodrich) 

5 

- 

Soln.  cloudy  and  viscous 

Saran  film  (Dow) 

- 

30 

Geon  200  x 20  (Goodrich) 

- 

20 

DNA  (Goodrich) 

>5 

- 

25  at  130“C 

Other  Resinous  Materials 

Melmac  405  (Am.  Cyanamid) 

70 

- 

Neoprene 

Insol. 

Insol 

Polyetherether  ketone  (PEEK)  (ICI) 
Polyethylene 

Insol. 

Insol. 

Insol. 

Polypropylene 

Insol. 

Insol. 

Polystyrene 

- 

- 

Sol.  at  150”C;  ppts  at  130°C 

Rosin  (Hercules) 

>100 

- 

Penton  (chlorinated  polyether)(Hercules) 

- 

5 

Vinsol  (Hercules) 

50 

>100 

Table  5.20:  Solubility  of  Inorganic  Materials  in  DMSO  (36) 


Solubility,  Grams/IOOcc  DMSO 
25*C  90-100“C 

Solubility,  Grams/IOOcc  DMSO 
25“C  90-100“C 

Aluminum  sulfate  (I8H2O) 

Insol. 

5 

Magnesium  nitrate  (SHiO) 

40 

Aluminum  chloride 

Reacts 

Manganous  chloride  (4HiO) 

20 

Ammonium  borate  (BHjO) 

10 

Mercuric  acetate 

100 

Ammonium  carbonateOHiO) 

1 

i 

Mercuric  bromide 

90 

Ammonium  chloride 

Insol. 

10  1 

Mercuric  iodide 

100 

Ammonium  chromate 

1 

Mercuric  sulfate 

<0.01 

Ammonium  dichromate' 

50 

Molybdenum  bromide 

1 Reacts 

Ammonium  nitrate 

80 

Nickel  chloride(6H20) 

60 

Ammonium  thiocyanate 

30 

Nickel  nitrate  (6H1O) 

60 

Barium  nitrate 

1 

Potassium  bromide 

6.5 

Beryllium  nitrate(4H20) 

10 

Potassium  chloride 

0.2 

Bismuth  trichloride 

1 

Potassium  cyanide 

1 2 

Boric  acid 

45* 

Potassium  hydroxide 

0.013 

Bromine 

Reacts 

Potassium  iodide 

20  20 

Cadmium  chloride 

20*> 

Potassium  nitrate 

12 

Cadmium  iodide 

30 

Potassium  nitrite 

2 

Calcium  chloride 

Insol. 

j Potassium  perchlorate' 

38 

Calcium  dichromateOHiO)' 

50 

1 Potassium  thiocyanate 

20  50 

Calcium  nitrate(4H20> 

30 

Silver  chloride 

<0.01 

Ceric  ammonium  nitrate 

1 

; Silver  iodide 

<0.01 

Cobaltous  chloride  (6H2O) 

30 

Misc  m.p. 
86‘C 

Silver  nitrate 
Sodium  Sulfate 
Sodium  azide 

130  180 

<0.01 

<1.0  1.6 

Cupric  acetateOHiO) 

Insol. 

6 

Sodium  chloride 

0.4 

Cupric  bromide^ 

1 

20 

150“C 

Sodium  cyanide 
Sodium  dichromate(2H20)' 

1 10 
12 

Cupric  chloride(2H20) 

Insol. 

27 

Sodium  hydroxide 

0.035 

Cupric  sulfatefSHi) 

<0.01 

Sodium  iodide 

30 

Cuprous  iodide 
Ferric  ammonium  sulfate 

1 at  30*’C 

Sodium  nitrate 
Sodium  nitrite 

20 

20 

(12H2O) 

Insol. 

Misc.  m.p. 
40“C 

Sodium  perchlorate' 
Sodium  thiocyanate 

24.2 

1 

Ferric  chloridefSH^O) 

30 

90 

Stannic  chloride 

25 

Ferrous  chloride(4H2) 

30 

90 

Stannous  chloride(2H20) 

40 

Gold  chloride 

5 

Strontium  bromide(6H20) 

5 

iodine 

>100 

Strontium  chloride(2H20) 

10 

Lead  chloride*’ 

10 

Sulfur  dichloride 

Reacts  violently 

Lead  nitrate 

20 

60 

Sulfur  monochloride 

Reacts  violently 

Lithium  bromide 

31.4 

Tungsten  hexachloride 

5 

Lithium  chloride 

10.2 

Uranyl  nitrate  (6H2O) 

30 

Lithium  dichromate(2H20)‘ 

10 

Vanadium  chloride 

1 

Lithium  iodide 

41.1 

Zinc  acetate 

>100 

Lithium  nitrate 

10 

Zinc  chloride 

30** 

Lithium  perchlorate' 

31.5 

Zinc  nitrate(6H20) 

55 

Magnesium  chloridefBHjO) 

1.0 

Zinc  sulfate 

<0.01 

a)  @20.3“C  b)  possible  reaction  c)  not  recommended  due  to  safety  considerations 
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Table  5.21:  Solubility  of  Gases  in  DMSO  at  Atmospheric  Pressure  and  20'’C  (36) 


(FROM  PURE  GASES  IN  EACH  CASE) 


Grams  Gas/ 

1(X)  Grams  Solution 

Gas  Volume/ 
Volume  of  DMSO 

Acetylene 

2.99 

28.1 

Ammonia 

2.6 

40.0 

Butadiene 

4.35 

31.0 

Butane 

4.8 

Butylenes  (mixed) 

2.05 

Carbon  dioxide 

.05 

2.86 

Carbon  monoxide 

<0.01 

Ethane 

6.85  X 1(T* 

0.56 

Ethylene 

.32 

2.8 

Ethylene  oxide 

60.0 

306.0 

Freon  12 

1.8 

3.7 

Helium 

1.46  X 10^ 

0.89  X 1(T^ 

Hydrogen 

1.95  X IC^" 

2.39  X 10^ 

Hydrogen  sulfide 

0.5  (reacts) 

Isobutylene 

2.5-3.0 

Methane 

7.92  X 10-' 

Nitric  oxide  (NO) 

0.00 

Nitrogen 

2.99  X 10  ' 

0.6 

Nitrogen  dioxide(NO2,N20<) 

Miscible  (possible  reartion) 

Oxygen 

6.44  X 1(T' 

0.049 

Ozone 

Reacts 

Propane 

1.8 

Propyne 

58.2 

Sulfur  dioxide 

57.4  (reacts) 

Tabie  5.22:  Soiubility  Parameters  of  Strong  Soivents  (36) 


Solvent 

5. 

s. 

5k 

S. 

DIMETHYL  SULFOXIDE  (DMSO) 

9.0 

8,0 

5.0 

13.0 

8utyrolactone 

9.3 

8.1 

3.6 

12.8 

Dimethylacetamide  (DMAC) 

8.2 

5.6 

5.0 

11.1 

Dimethylformamide  (DMF) 

8.5 

6.7 

5.5 

12.1 

N-Methyl-2-pyrroHdone  (NMP) 

8-8 

6.0 

3.5 

11.2 

Propylene  Carbonate 

9.8 

8.8 

2.0 

13.3 

Sulfolane 

9.0 

7.4 

5.3 

12.8 

Tabie  5.23:  DMSO  as  a Soivent  Repiacement  (36) 


Solvents  to  be  Replaced 

Replacement  Mixture 

5d 

5p 

Weight  % 

5p 

5k 

Acetone 

7.6 

5.1 

3.4 

65%  DM50 
35%  Aromatic  150 

8.8 

5.0 

3.6 

Butyl  cetlosoive 

7.8 

2.5 

6.0 

10%  DM50 

30%  Aromatic  150 

60%  Isopropyl  alcohol 

8.0 

2.7 

5.9 

Butyrolactone 

9.3 

8.1 

3.6 

100%  DMSO 

9.0 

8.0 

5.0 

Cellosolve 

7.9 

4.5 

7.0 

33%  DMSO 
67%  Butyl  alcohol 

8.1 

4.2 

7.0 

Cyclohexanone 

8.7 

3.1 

2.5 

40%  DMSO 
60%^  Aromatic  100 

8.9 

3.2 

2.4 

Dimethyl  acetamide 

8.2 

5.6 

5.0 

67%  DMSO 
33%  Amyl  acetate 

8.6 

5.3 

5.0 

Dimethyl  formamide 

8.5 

6.7 

5.5 

80%  DMSO 

20%  2-methyl  butanol 

8.6 

6.6 

5.4 

Ethyl  amyl  ketone 

8.0 

2.5 

2.1 

30%  DMSO 
70%  Aromatic  100 

8.9 

2.5 

2.0 

Ethylene  glycol  butyl 
ether  acetate 

8.1 

2.8 

6.7 

20%  DMSO 
60%  Butyl  alcohol 
20%  Amy!  acetate 

8.0 

3.3 

6.6 

Isophorone 

8.1 

4.0 

3.6 

50%  DMSO 
40%  Aromatic  100 
10%  n-ButanoI 

8.9 

4.1 

3.5 

Methyl  ethyl  Ketone 

7.8 

4.4 

2.5 

20%  DMSO 
80%  MIBK 

7.8 

3.8 

2.5 

(continued) 
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Table  5.23:  (continued) 


Solvents  to  be  Replaced 

Replacement  Mixture 

Methylene  chforlde 

8.9 

3.1 

3.0 

40%  DMSO 
60%  Aromatic  150 

8.7 

3.1 

2.7 

Nitrobenzene 

9.8 

4.2 

2.0 

45%  DMSO 
55%  Toluene 

8.9 

3.6 

2.6 

NMP 

8.8 

6.0 

3.5 

70%  DMSO 
30%  Aromatic  100 

8.9 

5.4 

3.6 

Pentoxone 

(discontinued) 

7.3 

4.2 

2.8 

50%  DMSO 
50%  Aromatic  100 

8.9 

3.9 

2.8 

Propylene  carbonate 

9.8 

8.8 

2.0 

100%  DMSO 

9.0 

8.0 

5.0 

Sulfolane 

9.0 

8.1 

3.6 

100%  DMSO 

9.0 

8.0 

5.0 

Table  5.24:  Hansen  Solubility  Parameters  of  Polymer  Envelopes  (36) 


Polymer 

5. 

Radius 

Polymethylmethacrylate 
Rohm  & Haas 

9.1 

5.1 

3.7 

4.2 

Epoxy  ~ "Epicote"  1001 
Shell  Chemical 

10.0 

5.9 

5.6 

6.2 

Polystyrene 

BASF 

10.4 

2.8 

2.1 

6.2 

Polyvinyl  acetate  "Mowilith"  50 
Farbwerke  Hoechst 

10.2 

5.5 

4.7 

6.7 

Nitrocellulose  1/2  sec.  H 23 
A.  Hagedorn 

7.5 

7.2 

4.3 

5.6 

Cellulose  acetate  "Cellidora" 
A.  Bayer  A.G. 

9.1 

6.2 

5.4 

3.7 

Polyester  "Desmophen"  850 
A.  8ayer  A.G. 

10.5 

7.3 

6.0 

8.2 

Polyvinyl  chloride  "Vipla"KR 
Montecatini 

8.9 

3.7 

4.1 

1.7 

Table  5.25:  Polymer  Solvency  of  DMSO/Tetralln  Mixtures  (36) 


Polymer 

Solvency<’J  Versus  Mixture  Composition 

DMSO,  % 

100 

80 

60 

50 

40 

20 

0 

Tetralin,  % 

0 

20 

40 

50 

60 

80 

100 

Polymethylmethacrylate 

42 

87 

99 

93 

80 

38 

ns 

Rohm  & Haas 

Epoxy  - "Epicote"  1001 

77 

85 

81 

60 

32 

ns 

Shell  Chemical 

Polystyrene 

ns 

35 

70 

87 

91 

84 

BASF 

Polyvinyl  acetate  "Mowilith"  50 

73 

86 

89 

84 

77 

57 

28 

Farbwerke  Hoechst 

Nitrocellulose  1/2  sec.  H 23 

67 

65 

65 

4 

ns 

ns 

A.  Hagedorn 

Cellulose  acetate  "Cellidora 

74 

89 

61 

- 

0 

ns 

ns 

A.  Bayer  A.G. 

Polyester  "Desmophen"  850 

85 

83 

74 

- 

57 

35 

5 

A.  Bayer  A.G. 

Polyvinyl  chloride  "Vipla"  KR 

ns 

ns 

ns 

68 

ns 

ns 

ns 

Montecatini 

Solvency  = 100{1~(^l  Ryj  See  appendiK  equation  5 for  explanation. 
If  SolverKy  < 0,  rating  is  "ns"  indicating  not  soluble. 
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Table  5.26:  Polymer  Solvency  of  DMSO/MIKB  Mixtures  (36) 


Polymer  Solvency^'’  Versus  Mixture  Composition 


DMSO,  % 
MIBK.  % 

100 

0 

80 

20 

60 

40 

40 

60 

20 

80 

0 

100 

Polymethylmethacrylate 
Rohm  & Haas 

42 

77 

84 

67 

38 

0 

Epoxy  - "Epicote"  1001 
Shell  Chemical 

77 

73 

58 

38 

9 

ns 

Polystyrene 

BASF 

ns 

15 

27 

30 

21 

12 

Polyvinyl  acetate  "Mowilith"  50 
Farbwerke  Hoechst 

73 

72 

64 

43 

28 

6 

Nitrocellulose  1/2  sec.  H 23 
A. Hagedorn 

67 

83 

82 

69 

51 

27 

Cellulose  acetate  "Cellidora" 
A.  Bayer  A.G. 

74 

81 

54 

0 

ns 

ns 

Polyester  "Desmophen"  850 
A.  Bayer  A.G. 

85 

74 

58 

39 

16 

ns 

Polyvinyl  chloride  "Vipla"  KR 
Montecatini 

ns 

ns 

ns 

ns 

ns 

ns 

<’>  MIBK  methyl  isobutyl  ketone 


Solvency  = ?00^7-fA5/  R)^}  See  appendix,  equation  5 for  explanation 
If  Solvency  < 0,  rating  is  "ns"  indicating  not  soluble. 


Table  5.27:  Solvent  Viscosities  (36) 


Solvent  Viscosity,  cps  @25'’C 


DIMETHYL  SULFOXIDE  (DMSO) 

2.0 

Dimethylformamide  (DMF) 

0,8 

N-Methyt-2-pyrrolidone  (NMP) 

1.6 

Butyrolactone 

1.7 

Cyclohexanone 

2.1 

Isophorone 

2.5 

Diacetone  alcohol 

3.0 

Propylene  Carbonate 

4.0 

Sulfolane 

10.3@30“C 

Table  5.28:  Solvent  Evaporation  Times  (36) 


Solvent  90%  Evaporation  Times,  seconds 


DIMETHYL  SULFOXIDE  (DMSO) 

17,600 

Cyclohexanone 

1,570 

Dimethylformamide  (DMF) 

2,280 

Diacetone  alcohol 

3,840 

N-Methyl-2-pyrro!idone  (NMP) 

15,400 

Isophorone 

20,000 

Butyrolactone 

23,700 

Propylene  carbonate 

119,660 

Sulfolane 

>1,000,000 
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SULFOLANE 

Table  5.29:  Properties  of  Sulfolane  (4) 


Property 

Typical  Value 

Specification 

Test  Method 

Distillation,  Range,  °C,  760  mm 

ASTM  D 1078 

5% 

284.8 

282  Min. 

50% 

285.2 

95% 

285.6 

288  Max. 

Specific  Gravity,  30/4°C 

1.264 

ASTM  D 891 

100/4°C 

1.201 

Flash  Point,  °F 

330 

Literature  Value 

Freezing  Point,  ‘’F 

79 

PPCo-6518-CH 

Composition,  wh.  % 

Gas  Chromatography 

Sulfolane  (Water-free) 

99.9 

99.0  Min. 

PPCo-6517-CG-l 

Ash  Content,  wt,  % 

0.006 

0.1  Max. 

PPCo-7505-CF 

Water  Content,  wt  % 

0.06 

0.25  Max. 

ASTM  D 1744 

SOg  Stability,  mg  SO2/250  ml/hr 

4 

20  Max. 

PPCo-6533-CZ 

Molecular  Weight 

120.17 

Literature  Value 

Bolling  Point,  °C 

287.3 

Literature  Value 

Melting  Point,  “C 

28.5 

Literature  Value 

Density,  15“C 

1.276  g/cm3 

Literature  Value 

Viscosity,  mPa.s  ( = cP),  30'*C 

10.3 

Literature  Value 

100°C 

2.5 

Literature  Value 

200°C 

1.0 

Literature  Value 

Refractive  Index,  n^,  30®C 

1.48 

Literature  Value 

Heat  of  Fusion,  kJ/kg* 

11.44 

Literature  Value 

Dielectric  Constant 

43.3 

Literature  Value 

Surface  Tension,  30°C  mN/m  (^dyn/cm) 

35.5 

Literature  Value 

*To  ccpnverl  J to  cal,  divide  by  4,104, 

This  product  Is  also  sold  as  Sulfotane-W,  which  is  3.0  wt.  % water  added  to  Sulfolane,  Anhydrous. 
Phillips  Chemical's  Sulfolane-W  meets  all  specifications  for  the  Sullolane  process  licensed  by  UOR  Inc. 


Table  5.30:  Solubility  of  Sulfolane  in  Various  Chemical  Compounds  (4) 


Chemical  Compound 

Temperature 
X T 

Grams  Sulfolane/ 
100  gms  Chemical 

Benzene 

25.0 

77 

Miscible 

Cyclohexane 

25,0 

77 

0,4 

2,3,  Dimethylbutane 

25.0 

77 

0.3 

Hexene- 1 

25.0 

77 

1.0 

Normal  Hexane 

25.0 

77 

0.3 

Perch  loroethylene 

24.4 

76 

1.6 

Toluene 

25.0 

77 

Miscible 

Mixed  Xylenes 

25.0 

77 

Miscible 

Table  5.31 : Solubility  of  Various  Chemical  Compounds  in  Sulfolane  (4) 


Temperature  Grams  Chemical/ 


Chemical  Compound 

X 

°F 

100  gms  Sulfolane 

Hydrogen  Chloride  (gas) 

25.0 

77 

9.3 

Ethyl  Mercaptan 

26.6 

80 

Miscible 

Methyl  Mercaptan 

0.0 

32 

Miscible 

Methyl  Mercaptan 
Tertiary  Dodecyl 

25.0 

77 

21.7* 

Mercaptan 

25.0 

77 

2.0 

Perch  loroethylene 

24.4 

76 

37.5 

Polystyrene 

199.8 

392 

0.02 

Trichloroethylene 

24.4 

76 

Miscible 

'Test  performed  ^ atmospheric  pressure,  approx, 
boiling  point  (42,6*  F)  of  methyl  mercaptan. 

34®  F above  the  normal 

Table  5.32;  Thermal  Stability  of  Sulfolane  (4) 

The  tests  summarized  below  were 
made  with  Sulfolane  containing  10 
rtig  of  SO2  per  250  ml.  Phillips  Test 
Method  PPCo*6533-CZ.* 


Temperature 
X “F 

SO2  (mg.)  Liberated 
Per  Hour  From 
250ml  Sulfolane 

180 

356 

0.6 

200 

392 

2.8 

220 

428 

3.3 

240 

464 

24.1 

FINDINGS:  Sulfolane  has  good 
thermal  stability  up  to  and  including 
428°  F,  but  has  a rather  sharp  decom- 
position rate  beyond  this  tempera- 
ture. Excessive  temperatures  will 
cause  Sulfolane  to  “crack”  to  a dark 
polymer  and  SO2. 

‘Description  of  test  method  available  on  request. 
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Table  5.33:  Comparative  Freezing  Point  Depression  (4) 


Weight  per  cent  Sulfolane 


Impurity 

Normal  Butylbenzene 

2- Phenyf  pentane 
Sulfolene 

3- Methylsutfolane 
Water 


Mol.  % Impurity  Required  to 
Lower  Freezing  Point  1°F 

0.098 

0.103 

0.228 

0.189 

0.163 


Freezing  point  curve  for  Sulfolane  — water  mixtures 


Table  5.34:  Specific  Gravity  (4) 


Su(.r0LA.UE 


WEIGHT  PERCENT 
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METHANOL 

Table  6.1:  Physical  Properties  of  Methanol  (70) 


Chemical  Family 

Alcohol 

Chemical  Formula 

CH3OH 

Chemical  Structure 

H3-C-OH 

Chemical  Abstract  Service 
Number 

67-56-1 

Molecular  Weight 

32.04 

Synonyms 

Methyl  Alcohol 
Carbinol 
Wood  Alcohol 

Auto  Ignition  Temperature, 
@ 760  mm  Hg,  "C  (°F) 

385  (725) 

Boiling  Point, 

@ 760  mm  Hg,  °C  (T) 

64.7(148.4) 

Freezing  Point,  X (°F) 

-97.7(^143.8) 

Coefficient  of  Expansion, 
per  °C  @ 20°C 
per  T @ 68°F 

0.00119 

0.00066 

Critical  Compressibility 

0.224 

Critical  Density, 
g/cc  (Ib/cu  ft ) 

0.272  (16.952) 

Critical  Pressure. 
Kg/cm^  (PSIA) 

81.12(1153.95) 

Critical  Temperature, 
X (°F) 

240  (464) 

Critical  Volume, 
cc/g  (cu  ft /lb) 

3.6829  (.05899) 

Density,  Ib/gal  @ 15.6°C  (60°F) 

6.63 

Explosive  Limits, 
% Volume  in  Air, 
Lower 
Upper 

6.0 

36.5 

Flash  Point, 

Tag  Closed  Cup,  X (®F) 

11  (52) 

Heat  of  Formation,  Liquid, 
@ 25°C,  K cal/g  mol 
@ 77T.  BTU/lb  mol 

-57.021 

-102.6x10" 

Heat  of  Formation,  Vapor, 
@ 25°C,  K cal/g  mol 
@ 77T,  BTU/lb  mol 

-48.08 

-86.5x10" 

Heat  of  Fusion, 

@ -97°C,  K cal/g  mol 
@ -142.6T,  BTU/lb  mol 

16.4 

29.5 

Refractive  Index, 

1.3286 

Solubility  in  Water, 
@ 20°C  (68T) 

Completely  Miscible 

238 
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Table  6.2:  Properties  of  Aqueous  Solutions  of  Methanol  (31) 


MCTHANOL 
WT.  VOL. 

% % 

FRCEZINC 

POIHT 

•F. 

BOILING  FLASH 

POINT  POINT 

•F  'F 

(Cloied  Cup 

DENSITY  (I/ml.) 

AT  VARIOUS  TEMPERATURES 
0-C  lO’C  I5*C  20*C 

VISCOSITY  (MILLIPOISES) 

AT  VARIOUS  temperatures 
25-C  35'C  «*C  5S'C 

0 

0 

32 

212 

.9999 

.9997 

.9«>93 

.9982 

8.9 

7.2 

5.9 

5 1 

10 

12.35 

21.7 

197.2 

1.30 

.9842 

.9834 

.9824 

.9815 

11.8 

9.2 

7.4 

6.2 

20 

24.33 

5.9 

IH7.3 

107 

.9725 

.9700 

.<H>81 

.9666 

14.1 

10.9 

8.6 

7 1 

30 

35.95 

-14.6 

IHO.O 

94 

9f)4»4 

.9.560 

.9.537 

.9515 

15.5 

11.9 

9.4 

7.7 

40 

47  11 

-J9.I 

174.2 

84 

.9459 

.9403 

.9372 

.9.345 

15.8 

12.3 

9 7 

7.9 

50 

57.71 

-65.7 

169  5 

76 

.9287 

.9221 

.9185 

.9 1 56 

15.7 

12.2 

9.7 

7.9 

60 

67.69 

-101.2 

165.6 

69 

.9()<>0 

.‘8M8 

8978 

.894^1 

14.0 

10.9 

8.8 

7.2 

70 

76.98 

-156.1 

161.6 

63 

.8869 

.8794 

.8751 

.8715 

12.2 

9 6 

7.8 

6.4 

80 

85.50 

-175  0* 

157.5 

58 

.8634 

.8551 

.8505 

.8  469 

10.1 

8.1 

6.7 

5.6 

90 

93.19 

-171.4 

153.0 

53 

.8374 

.8287 

.8240 

.8202 

7.9 

6.5 

55 

4.6 

100 

100.0 

-142.6 

148.3 

49 

.8102 

.8009 

.7958 

.7917 

.5.5 

4.8 

4.1 

3.6 

WT. 

% 

VAPOR  PRESSURE  (mm.H|) 

AT  VARIOUS  temperatures 
20‘C  60*C  100‘C  140-C 

WT.  % 
METHANOL 
IN  VAPOR 
AT  760  mm. 

THERMAL  CONDUCTIVITY 
(CAL /SEC  /CM  V"C  /CM  ) 

AT  VARIOUS  TEMPERATURES 

10^  40'c  ;o-c 

SPECIFIC  HEAT 
at  various  TEMPERATURES 
30t.  M*C  I0*C  100*C 

0 

17.5 

149 

760 

2700 

0 

.00138 

00149 

.00160 

0.990 

0.994 

I.OOO 

1.004 

10 

28.0 

206 

1030 

3640 

43.4 

.00126 

.(H)  135 

.00145 

1.015 

1.022 

1.032 

1.039 

20 

35.5 

258 

1260 

4300 

61.2 

.fKJl  15 

.00122 

(H)129 

1.000 

1 014 

1.035 

1 .049 

30 

41  5 

307 

14.50 

4780 

70.5 

.00105 

.00110 

.00115 

0.974 

0.997 

1.031 

1.054 

40 

46.5 

350 

1600 

5200 

76.5 

.00096 

.00098 

.OOKX) 

0.947 

0.979 

1.026 

1.057 

50 

52.0 

yx) 

1740 

5620 

81.0 

.00088 

.00088 

.00088 

0.888 

0.928 

0.988 

1.028 

60 

59.0 

427 

1880 

6040 

84.8 

.00079 

.00078 

.00076 

0.821 

0.869 

0.941 

0.9<>0 

70 

66.S 

462 

2020 

6470 

88.5 

.00072 

.00069 

.00066 

0.764 

0.820 

0.905 

0.961 

80 

75.5 

503 

2190 

6970 

92.2 

.00065 

.00061 

.00057 

0.726 

0.790 

0.886 

0.951 

90 

87.0 

557 

2380 

7550 

96.0 

.00059 

.00054 

.(KH)49 

0.665 

0.737 

0 846 

0.918 

100 

99.0 

620 

2600 

8150 

100.0 

.00053 

.00048 

.00043 

0.626 

0.706 

0.826 

0.887 

* Hie  eutectic  point  or  minioDum  freesing  lemperature  ifl  appruximauiy  Vol.).  In  ihe  vicinity  of  the  eutectic,  the  iKilutione  become  vitreous 

-128.7*C.  (-iW.7*K.)  at  a composition  of  82.9%  Wt.  methanol  (87.8%  and  direct  delerov'nationa  of  the  freesing  point  are  difficult  to  make. 


Table  6.3:  Freezing  Points  of  Methanol-Water  Solutions  (34) 


Concentration  of  Methanol,  % 


240 
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Table  6.4:  Density  and  Specific  Gravity  of  Methanol- Water  Solutions  at  15°C  (34) 


IMImnI 

Spaollc 

WiifM 

Offitity, 

Qrnity, 

Wtight 

%by 

Ydutm 

Damity, 

fiftvity, 
15/ 1ST 

15/4-C 

15/15*C 

15/4-C 

0 

0 

0.99913 

lOOOOO 

50 

57  712  

0.91152 

0.91931 

1 

li&3 

0.99727 

0 99813 

51 

58.739  

0.91653 

0.91732 

2 

2.502 

0.99543 

0.99629 

52 

59  759  

0.91151 

0.91530 

3 

3.74C 

0 99370 

0.99456 

53 

60.773 

0.912tt 

0.91327 

4 

4.90C 

0.99191 

0.99284 

54 

61  781 

091044 

091123 

5 

kxn 

0 99029 

0.99115 

55 

62  783  

0.90139 

0.90911 

1 

7.454 

0.96K4 

0 98950 

56 

63.778 

0.90631 

0.907QI 

7 

1.02 

0.91701 

096786 

57 

64.767  

0.90421 

0.90499 

1 

9 901 

0.96547 

0.98632 

58 

65.750 

0.90210 

0.90261 

» 

11.121 

0.98394 

0.98479 

59 

66.725  

. 0.89996 

0.90074 

10 

12.345 

0 91241 

0 98326 

60 

67.B3 

0.89711 

0.89tt9 

11 

13.559 

0 98093 

0.96178 

61 

68  654 

0.89563 

0.89640 

12 

14.779 

0 97945 

0.98030 

62 

69  607  

0 89341 

0.89418 

13 

15.977  ' 

097802 

0.97887 

63 

70.552  

0 89117 

0.89194 

14 

17191 

0.97660 

0.97745 

64 

71  490  

0.88890 

0.8nC7 

1$ 

11.382 

0.97518 

097602 

65 

72.420  

. 0.88662 

0J8739 

1C 

19.579 

0.97377 

0.97461 

66 

73  344 

0.88433 

0.88510 

17 

20  773 

0.97237 

0 97321 

67 

74.252 

0 88203 

0.88279 

11 

21963 

0.97096 

0 97180 

68 

75.172  

0 87971 

0.88047 

19 

23.149 

0.96955 

0.97039 

69 

76.077  

0.87739 

0.17115 

20 

24.322 

0.96814 

0.96896 

70 

76  976 

0.87507 

0.87583 

21 

25.512 

0.96673 

0.96757 

71 

77.864  

0.87271 

0.87346 

22 

2160 

0 96533 

0.96614 

7? 

78.746  

0.87033 

0.87108 

23 

27.8GO 

0.96392 

0.96475 

n 

79  618 

0.86792 

0.86867 

24 

29  029 

0.96251 

0.96334 

74 

80.480  

0 86546 

0.86621 

25 

X.193 

0.96101 

0.96191 

75 

81336 

0.86300 

0.8U75 

21 

31.354 

0.95963 

0.96046 

76 

82.182  

0.86051 

0.86125 

27 

32.510 

0 95817 

0.95900 

77 

83  022  

0.15801 

0.85875 

2t 

33  662 

0.95668 

0.95751 

78 

83.855 

0.85551 

0.85625 

29 

3409 

0.95518 

0.95601 

79 

84.680  

. 0.85300 

0.85374 

30 

35.952 

0.95366 

0.95499 

80 

85.499 

0.850U 

0.85122 

31 

37.091 

095213 

0 95295 

81 

16.310 

0.84794 

084867 

32 

31.224 

0.95056 

0.95138 

82 

87110 

0.84536 

0.84609 

33 

39  352 

0.94896 

0.94978 

83 

87.899 

0.84274 

0.84347 

34 

40.476 

0.94734 

0.94816 

84 

88.677 

0.84009 

0.84012 

3$ 

41.594 

0.94570 

0.94652 

85 

89.448  

0.83742 

0.83814 

3S 

42.701 

. . 0.94404 

0.94486 

86 

90.212 

0.83475 

0.63547 

37 

UI16 

0.94237 

0.94319 

87 

90.968  

0.83207 

0.83279 

31 

44.919 

0.94067 

0.94148 

88 

91716 

0.82937 

0.83009 

39 

46.016 

0.93894 

0.93975 

89 

92  456 

0.82667 

0.82738 

40 

47.109 

0.93720 

0.93801 

90 

93118 

0.82396 

0.82467 

41 

a.l95 

0.93543 

0.93624 

91 

93.912 

0.82124 

0 82195 

42 

49.277  . 

0.93365 

0.93446 

92 

94.627  

081849 

0.81920 

43 

50.353  . 

0.93185 

0.93266 

93 

95  326 

0 81568 

0 81639 

44 

51.422  . 

0.93001 

0.93001 

94 

96.017 

0.81285 

0.81365 

4$ 

52.416 

0 92815 

0.92895 

95 

96.697  

0 80999 

0.81089 

4C 

53.544 

0.92627 

0.92707 

96 

97  370 

0.80713 

0 80783 

47 

54  595 

0.92436 

0 92516 

97 

98.036  

0.80428 

0.80498 

tt 

55.639 

0.92242 

0.92322 

98 

98.696 

080143 

0.80212 

49 

56.671  . 

0.92048 

0 92128 

99 

99.351 

0.79859 

0.79928 

100 

100.000 

0.79577 

0.79646 
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Table  6.5:  Density  and  Specific  Gravity  of  Methanol-Water  Solutions  at  30°C  (34) 


Mflthand 

Specific 

Methanol 

Specific 

Wvtfht 

VdUHM 

Density. 

30/4*6 

GrevKy. 

30/30^C 

%by 

Weight 

%by 

Volume 

Density, 

30/4*C 

Gravity. 

30/30^C 

0 

0.000  .... 

....  0.9957 

1.0000 

50 

58.089  . . 

...  0.9084 

09123 

1 

1.271  . . . . 

....  0.9939 

0.9982 

51 

59.121  . . . 

. . 0.9064 

0.9103 

2 

2.538  . . . 

. . 0.9921 

0.9964 

52 

60.140  . . . . 

...  0.9043 

0.9082 

3 

3.800  .... 

...  0.9903 

0.9946 

53 

61.148  . 

. 0.9021 

0.9060 

4 

5.057  ... 

....  0.9886 

0.9929 

54 

62.149  . 

. . ..  0.8999 

0.9038 

5 

6.310  .... 

....  0.9868 

0.9911 

55 

63.146  , . 

...  0.8977 

0.9016 

6 

7.559  ... 

....  0.9850 

0.9893 

56 

64.136  ... 

. . 0.8955 

0.8994 

7 

8.802  . . . 

....  0.9832 

0.9874 

57 

65.114  . . . . 

. . 0.8932 

0.8971 

8 

10.042  ... 

, . 0.9815 

0.9857 

58 

66.093  . . 

. 0.8910 

0.8948 

9 

11.278  .... 

. . 0.9798 

0.9840 

59 

67.059  . . . 

. . 0.8887 

0.8925 

10 

12.511  . 

....  0.9782 

0.9824 

60 

68.019  . 

...  0.8864 

0.8902 

11 

13.738  . . , , 

. 0.9765 

0.9807 

61 

68.981  . . . 

. . 0.8842 

0.8880 

12 

14.962  .... 

...  0.9749 

0.9791 

62 

69.929  ... 

...  0.8819 

0.8857 

13 

16.182  , . 

....  0.9733 

0.9775 

63 

70.872  . . 

....  0.8796 

0.8834 

14 

17.398  ... 

....  0.9717 

0.9759 

64 

71.809  . . 

. 0.8773 

08811 

15 

18.610  ... 

....  0.9701 

0.9743 

65 

72.731  .... 

....  0.8749 

0.8787 

16 

19.820  ... 

...  0.9686 

0.9728 

66 

73.656  ... 

. 0.8726 

0.8764 

17 

21.024  ... 

. . ..  0.9670 

0.9712 

67 

74.566 

....  0.8702 

0.8740 

18 

22.224  .... 

....  0.9654 

0.9696 

68 

75.471  . . 

...  0.8678 

0.8715 

19 

23.420  . . .. 

....  0.9638 

0.9680 

69 

76.369  . . 

...  0.8654 

0.8691 

20 

24.612  ... 

. . . 0.9622 

0.9664 

70 

77.261  . . 

. . 0.8630 

0.8667 

21 

25.799  . .. 

. . . 0.9606 

0.9647 

71 

78.146  . . 

. . 0.8606 

0.8643 

22 

26.983 

...  0.9590 

0.9631 

72 

79.017  . . 

...  0.8581 

0.8618 

23 

28.162  . . 

...  0.9574 

0.9615 

73 

79.881  ... 

....  0.8556 

0.8593 

24 

29.338  . 

....  0.9558 

0.9599 

74 

80.729  . 

....  0.8530 

0.8567 

25 

30.509  ... 

. . 0.9542 

0.9583 

75 

81.580  . 

....  0.8505 

0.8542 

26 

31.676  ... 

. 0.9526 

0.9567 

76 

82.425  . 

. . 0.8480 

0.8517 

27 

32.839  . 

...  0.9510 

0.9551 

77 

83.253 

. 0.8454 

0.8491 

28 

33.998 

. . 0.9494 

0.9535 

78 

84.085 

. . 0.8429 

0.8465 

29 

35.149  .... 

. . 0.9477 

0.9518 

79 

84.900  ... 

. ..  0.8403 

0.8439 

30 

36.296  ... 

0.9460 

0.9501 

80 

85.719  ... 

...  0.8378 

0.8414 

31 

37.439  . . 

. . 0.9443 

0.9484 

81 

86.522  .... 

. . 0.8352 

0.8388 

32 

38.577  . . 

. 0.9426 

0.9467 

82 

87.317  . . 

. . 0.8326 

0.8362 

33 

39.706  . , 

. . 0.9408 

0.9449 

83 

88.095  . . 

. . 0.8299 

0.8335 

34 

40.831  ... 

...  0.9390 

0.9431 

84 

88.867  . . 

...  0.8272 

0.8308 

35 

41.952  ... 

. . 0.9372 

0.9412 

85 

89.631  .... 

...  0.8245 

0.8281 

36 

43.067  .... 

...  0.9354 

0.9394 

86 

90.389  .... 

0.8218 

0.8253 

37 

44.179  ... 

. 0.9336 

0.9376 

87 

91.139  . . 

...  0.8191 

0.8226 

38 

45.285  . 

....  0.9318 

0.9358 

88 

91.883  .... 

...  0.8164 

0.8199 

39 

46.387  .... 

....  0.9300 

0.9340 

89 

92.608  .... 

. . 0.8136 

0.8171 

40 

47.479  , , 

. . 0.9281 

0.9321 

90 

93.327  ... 

. 0.8108 

0.«43 

41 

48.572  ... 

....  0.9263 

0.9303 

91 

94.038  ... 

. . 0.8080 

0.8115 

42 

49.654  ... 

. . 0.9244 

0.9284 

92 

94.730  . . .. 

....  0.8051 

0.8086 

43 

50.732  ... 

. . 0.9225 

0.9265 

93 

95,415  .... 

....  0.8022 

0.8057 

44 

51.805  ... 

....  0.9206 

0.9246 

94 

96.080  ... 

...  0.7992 

0.8027 

45 

52.867  ... 

....  0.9186 

0.9226 

95 

96.737  .... 

....  0.7962 

0.7996 

46 

53.925  .... 

....  0.9166 

0.9206 

96 

97.400  . . 

...  0.7933 

0.7967 

47 

54.977  . . 

....  0.9146 

0.9185 

97 

98.054  ... 

...  0.7904 

0.7938 

48 

56.024  . 

....  0.9126 

0.9165 

98 

98.702  . . 

....  0.7875 

0.7909 

49 

57.059  .... 

....  0.9105 

0.9144 

99 

99.355  .... 

...  0.7847 

0.7881 

100 

100.000  ... 

. . . . 0.7819 

0.7853 
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Table  6.6:  Resultant  Volume  When  Methanol  and  Water  are  Mixed  (31) 


Volumes  ol  Methanol  at  Z5*C  Before  Mixing  (ml,  gal,  etc.) 


100  90  80  70  60  SO  40  30  ZQ  10  0 

Volumes  of  Water  at  25*C  Before  Mixing  (ml,  gal,  etc.) 


Table  6.7:  Solubility  of  Methanol  In  Gasoline  from  15°  to  30°C  (31) 


METHANOL,  PER  CENT 


Vapor  thermal  conductivity,  Kq,  cal/(s)  (cm)  (’’C) 
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Table  6.14:  Vapor  Thermal  Conductivity  of  Methanoi  (70) 


Temperature,  ""F 

0 200  400  600  800  1,000  1,200  1,400  1,600  1,800 


Temperature, 

Table  6.15:  Vapor  Pressure  of  Methanol  (70) 


Temperature,  T 

-100  0 100  200  300  400  500  -200  - 100  0 


Temperature,  X 


Vapor  pressure.  Py,  mm  Hg  BTU/{h)  (ft)  (T) 


Liquid  viscosity,  |jl^,  centipoise  5*  Vapor  viscosity,  jjLQ,  micropoise 
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Table  6.16:  Vapor  Viscosity  of  Methanol  (70) 


Temperature, 


Temperature,  X 


ble  6.17:  Liquid  Viscosity  of  Methanol  (70) 


Temperature,  °F 


- 1 20  - 80  - 40  0 40  80  120  160  200  240  280  320 


Temperature.  °C 


Liquid  viscosity,  \lu  centipoise 


Table  6.18:  Azeotropes  of  Methanol  (31) 


methanol 

FORMS  BINARY  AZEOTROPES 

WITH: 

2L 

B ,P,  of  Azeofro 

pe  °C. 

88.  5 

88 

Acetone 

55.  5 

68 

81 

Acetonitrile 

63.5 

87 

38.  7 

Acrylonitrile 

61.4 

47 

50 

te  rt -Amyl  rr ethyl  ether 

62 . 3 

79 

60.5 

Benzene 

58.  3 

75 

77.5 

Biallyl 

47.1 

35 

41 

1 -Bromobutane 

63.  7 

10 

58.  5 

2-Bromobutane 

61.  5 

75.8 

95 

Bromoethane 

35 

80 

58 

1 - Bromo -2 -methylpropane 

61 . 6 

40 

76 

2-Bromo-2  -methylpropane 

55.6 

54 

79 

1 -Bromopropane 

54. 5 

44 

85.  5 

2 - Bromopropane 

49.0 

65 

88 

cis  -1  -Bromopropene 

48 

79 

85 

trans  -1  -Bromopropene 

50. 8 

84 

89 

2 - Bromopropene 

42. 7 

43 

79.  5 

3 - Bromopropene 

54.0 

76 

30 

2 - Butanone 

63.5 

38 

64.6 

Butyl  methyl  ether 

56.3 

68 

86 

Carbon  disulfide 

37.7 

93 

79.4 

Carbon  tetrachloride 

55.7 

48.  5 

71 . 5 

1 -Chlorobutane 

57.2 

83 

80 

2 -Chlorobutane 

52.7 

50 

87 

Chloroform 

53.  5 

62 

43 

1 -Chloro-3  -methylbutane 

62.0 

38 

65 

Chloromethyl  methyl  ether 

56.0 

60 

77 

1 -Chloro-2  -methylpropane 

53.  1 

20 

90 

2 - Chloro-2  -methylpropane 

43.8 

67 

90 

1 -Chloropropane 

40.6 

92.1 

94 

2 -Chloropropane 

33.4 

80.  5 

97 

2 -Chloropropene 

22.0 

46 

90 

3-Chloropropene 

39.9 

68 

61.2 

1.  3 -Cyclohexadiene 

56.4 

93 

57.  5 

1 . 4 -Cyclohexadiene 

58.0 

97 

60 

Cyclohexane 

55.9 

85 

86 

Cyclopentane 

38.8 

30 

18 

1 , 1 -Dibromoethane 

64.2 

46 

38 

trans  -1 , 2 -Dibromoethylene 

64.1 

68 

50 

2,  3-Dichloro-l , 3-butadiene 

61 . 5 

65 

B ■ P . of  Azeotroj 

1 , 1 -Dichloroethane 
1 , 2 -Dichloroethane 

cis  - 1 , 2 -Dichloroethylene 
1 , 2-Dichloropropane 

2.  2-Dichloropropane 

1  , 2-Dichloro-l -propene 
Diethoxy  methane 
1 , 2 -Dimethoxyethylene 
Dimethyl  acetal 
2,  3 -Dimethylbutane 
2,  5 -Dimethylhexane 
Ethyl  acetate 
Ethyl  butyl  ether 
Ethylene  dichloride 
Ethylene  sulfide 
Ethyl  formate 
Ethyl  nitrate 
Ethyl  propyl  ether 
Ethyl  sulfide 
Fluorobenzene 
Furan 
n -Heptane 


1 -lodopropane 

2 -lodopropane 

3 -lodopropene 
Isobutyr aldehyde 
Isopropyl  acetate 
Isopropyl  formate 
Methylal 
Methyl  acetate 
Methyl  ac  rylate 
Methyl  borate 

2 “Methyl  -2  - butene 
3-Methyl -1  -butene 
Methyl  tert -butyl  ether 
Methyl  carbonate 
Methylcyclohexane 
Methylcyclopentane 
Methylc  y elope  ntene 


59.0 

77.7 

2 -Methylfuran 

51  . 5 

61.0 

25 

Methyl  isobutyrate 

64.0 

51  . 5 

52.5 

Methyl  propionate 

62.  5 

62.9 

88 

Methyl  propyl  ether 

38.0 

55.5 

87 

Methyl  sulfide 

34.5 

56.5 

91 

n-Pentane 

30.8 

63.2 

9.  3 

o-Pinene 

64.6 

63.  5 

28 

Propyl  ethe r 

63.8 

57.5 

49.8 

Propyl  formate 

61.9 

45.0 

28 

Octane 

63.0 

61.0 

36.5 

Tetrachloroethylene 

63.8 

77.  1 

45 

Thiophene 

59.6 

62.6 

31 

T oluene 

63.8 

59.  5 

78.  3 

1 , 1 , 1 -T  richloroethane 

56.0 

47.0 

3 

1 , 1 , 2-T  richloroethane 

64.5 

51 .0 

62 

T richloroethylene 

59.  3 

61 . 8 

47 

2 , 2 , 4 -T  rimethylpentane 

59.4 

55.  5 

METHANOL  FORMS  TERNARY  AZEOTROPES  WITH: 

61.2 

B ,P.  of  Azeofrof 

36  °C. 

59.7 

43.5 

Acetone 

30,  5 

51  . 1 

59.  1 

40.  5 

Cyclohexane 

55.0 

5,8 

Acetone 

63.  1 

76.8 

Methyl  acetate 

53.7 

61.0 

40 

Carbon  disulfide 

63.5 

50 

Brom  oethane 

33.9 

62.7 

55 

Carbon  disulfide 

35.6 

64.5 

57.2 

38 

Methylal 

41.8 

47 

Chloroform 

47.0 

54.0 

30 

Acetone 

62.  5 

57.2 

Methyl  acetate 

37.0 

54.6 

46.5 

Carbon  disulfide 

31.8 

48.6 

Methyl  acetate 

19.8 

51.6 

33.6 

Cyclohexane 

50.8 

62.7 

27 

Methyl  acetate 

59.2 

59 

Hexane 

45.0 

51  . 3 

5.  3 

Water 

53.0 

13.5 

Methyl  chloroacetate 

67.9 
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ETHYL  ALCOHOL 


Table  6.19:  Physical  Properties  of  Anhydrous  Ethyl  Alcohol  (31) 


Acidity  AS  Acetic  Acid 

Boiling  point  At  760  mm  Hg 
d^dp  At  760  mm  Hg 

Coefficient  of  cubical  expansion 
Color.  Pt'Co  scale 
Critical  pressure 
Critical  temperature 
Density  at  2S*C 
Dielectric  constant  at  20 *C 
Dipole  moment,  p x 10** 

Electrical  conductivity  at  25* C 
Explosive  range 
Fire  haaard 

Flash  point.  Tag  open  cup 

Free  energy  ot  formation. 

AF-  at  25-C 

Freezing  point 

Heat  capacity.  Cp.  Liquid  at  2S*C 

Cp.  Vapor,  90“C,1  atm 
Cv.  Vapor,  90*C,1  atm 

Heat  of  combustion 

Heat  of  formation.  Liquid, 

AH  at  25*C 

Heat  of  solution  in  Water  at  13*C 

Heat  of  solution  of  Water  in  Ethyl 
Alcohol,  mole  fraction  of  Water 
0.640  at  77-C 
0.843  at  79.2*C 


0.001S%by  wt,  max. 
78.32-C 

0.0334 •C/mm  Hg 
0.00060  per  IT 
10  max. 

63. 1 atm 
243. l*C 
0.7851  g/ml 
25.7 
1.70p 

1.35  X 10‘*  ohm’*  cm’* 
3.28  - 19% 

Dangerous  when  exposed 
to  heat  or  flame 

61*F 

-40.2  kcaV'mole 
-114.  rc 

0.  581  cal/g 
0,406  cal/{g)  CC) 

0.359  cal/fg)  fC) 

328  kcal/mole 

-64.  7 kcaV'nnole 
2.54  kcal/mole  solute 


-0.018 

-0.038 


Latent  heat  of  fusion 

Latent  heat  of  vaporization  at  78.3*C 


MAC 

Melting  point 
Molecular  weight 
Non-volatile  matter 


24.9  cal/g 
204.3  cal/g 
1000  ppm  in  air 
-114. 4*C 
46,07 

Not  more  than  0.0025 
gram  when  100  ml 
are  evaporated  and 
heated  to  constant 
weight  at  100*C  to 
110*C 


Reducing  substances 


Refractive  index  at  25*C,  n^ 

Specific  gravity  at  15.56*C 
( 60/60* F) 

Specific  heat  at  20 *C 
Specific  tension  at  2 5*C 
Thermal  conductivity,  k,  at  68* F 

Toxicity 


Vapor  pressure  at  20*C 
Viscosity  at  20*C 
Weight  per  gallon  at  20*C 


At  least  25  minutes 
permanganate  time 
at  15-C 

1.3596 

0.7937 

0.61  cal/g 

22. 1 dynes/cm 

0.105  (Btu)  (ft) 
(sqft)  (T) 

Moderately  toxic  by 
ingestion  and  in- 
halation 

44.0  mm  Hg 

1 . 22  centipoises 

6.61  lbs 


Table  6.20:  Physical  Properties  of  95%  Ethanol  (31) 


Acidity  as  acetic  acid 
Color.  Pt-Co  scale 

Oistillatiof)  range  at 
760  mm  Hg 

Non-volatile  matter 


Permanganate  time 
Reducing  substances 

Relative  evaporation  rate. 
n-Butyi  Acetate  • 100 

Specific  gravity  at  15.56 
(60/6OT) 

Weight  per  gallon  at  20 *C 


0.0025  g/lOO  ml.  max. 
10  max. 


77«C  - 80-C 

Not  more  than  0.0025 
gram  when  100  ml 
are  evaporated  and 
heated  to  constant 
weight  at  100*C  to 
110*C 

30  minutes,  min. 

At  least  25  minutes 
permanganate  time 
at  15*C 


230 


0.8160 
6.76  Ibe 


Table  6.21:  Properties  and  Specifications  of  Ethyl  Alcohol  (30) 


SpecHteitions 

Typical  Propertias 

Units  19tr 

200° 

Test  Method 

Uaili 

lor 

200° 

Ethyl  Alcohol. 

Being  Point 

...-C 

....78.3 

...78.4 

minimum  strength 

....vol% 96 

...99.9 

...IRS  Gauging 

...^ 

..,.172.9 

...173.1 

Manual 

CoeMderito(E)9»nsion 

Ackttty  as  Acetic 

Per-C 

...0.0011  ... 

...0.0011 

Acid,  maximum 

....0^100 ml  .0.0025  .. 

...0.0025  .. 

...ASTMD1613 

PofF 

000062  . 

...0.00062 

Non-Volatile 

Rash  Point 

Matter,  maximum 

....gnOO ml  .0.0025  .. 

...0.0025  .. 

...ASTM  D 1353 

ASTM  D 1310 



....21 

...18 

Permanganate  Time. 

(Tag  Open  Cup) 

...^ 

....69 

...65 

n^knum 

.....minutes...  50 

....30 

....Quantum  test 

ASTM  D 56 

...°c 

...17 

...14 

Specific  Gravity  @ 60®F 

(Tag  Closed  Cup) 

...°F 

....62 

...57 

(15.56®C).  maximum 

0.816 

....0.794  

...ASTM  D 891 

Weight  per  Gallon  @ 

(k)lor,  maximum 

,...Pt-Co 10 

....10 

....ASTM  D 1209 

60  °F  (15.56  »C) 

....tos 

....6.794  

...6.610 

Odor 

....Free  from  forelon  odors 

....Organoleptic 

water  SohJbinty 

....soluble  in  all  proportions 
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Table  6.22:  Conversion  Table — Weight  and  Volume  Percent  of  Ethyl  Alcohol  In  Ethyl  Alcohol-Water 
Mixtures  (30) 


% 

% 

% 

% 

Alcohol 

% 

Alcohol 

% 

Alcohol 

% 

Alcohol 

% 

By 

% 

Alcohol 

By 

% 

Alcohol 

By 

% 

Alcohol 

By 

% 

Alcohol 

Volume 

to  be 

By 

Volume 

to  be 

By 

Volume 

to  be 

By 

Volume 

to  be 

By 

at  60  F 

Converted 

Weight 

at  60F 

Converted 

Weight 

at  60T 

Converted 

Weight 

at  60^F 

Converted 

Weight 

1.257 

1 

0.795 

31.555 

26 

21.285 

58.844 

51 

43,428 

82.121 

76 

68.982 

2.510 

2 

1.593 

32.719 

27 

22.127 

59.852 

52 

44.374 

82.967 

77 

70.102 

3.758 

3 

2.392 

33  879 

28 

22.973 

60.854 

53 

45.326 

83.805 

78 

71.234 

5.002 

4 

3.194 

35.033 

29 

23.820 

61.850 

54 

46.283 

84.636 

79 

72.375 

6.243 

5 

3.998 

36.181 

30 

24.670 

62.837 

55 

47.245 

85.459 

80 

73.526 

7.479 

6 

4.804 

37  323 

31 

25.524 

63.820 

56 

48.214 

86.275 

81 

74.686 

8.712 

7 

5.612 

38.459 

32 

26.382 

64.798 

57 

49.187 

87.083 

82 

75.858 

9.943 

8 

6.422 

39.590 

33 

27.242 

65.768 

58 

50.167 

87.885 

83 

77.039 

11.169 

9 

7.234 

40.716 

34 

28.104 

66.732 

59 

51.154 

88.678 

84 

78.233 

12.393 

10 

8.047 

41.832 

35 

28,971 

67.690 

60 

52.147 

89.464 

85 

79.441 

13.613 

11 

8.862 

42.944 

36 

29.842 

68.641 

61 

53.146 

90.240 

86 

80.662 

14.832 

12 

9.679 

44.050 

37 

30.717 

69.586 

62 

54.152 

91.008 

87 

81.897 

16.047 

13 

10.497 

45.149 

38 

31.596 

70.523 

63 

55.165 

91.766 

88 

83.144 

17.259 

14 

11.317 

46.242 

39 

32.478 

71.455 

64 

56.184 

92.517 

89 

84.408 

18.469 

15 

12.138 

47.328 

40 

33.364 

72.380 

65 

57.208 

93.254 

90 

85.689 

19.676 

16 

12.961 

48.407 

41 

34.254 

73.299 

66 

58.241 

93.982 

91 

86.989 

20.880 

17 

13.786 

49.480 

42 

35.150 

74.211 

67 

59.279 

94.700 

92 

88.310 

22.081 

18 

14.612 

50.545 

43 

36.050 

75.117 

68 

60.325 

95.407 

93 

89.652 

23.278 

19 

15.440 

51.605 

44 

36.955 

76.016 

69 

61.379 

96.103 

94 

91.025 

24.472 

20 

16.269 

52.658 

45 

37.865 

76.909 

70 

62.441 

96.787 

95 

92.423 

25.662 

21 

17.100 

53.705 

46 

38.778 

77.794 

71 

63.511 

97.459 

96 

93.851 

26.849 

22 

17.933 

54.746 

47 

39.697 

78.672 

72 

64.588 

98.117 

97 

95.315 

28.032 

23 

18.768 

55.780 

48 

40.622 

79.544 

73 

65.674 

98.759 

98 

96.820 

29.210 

24 

19.604 

56.808 

49 

41.551 

80.410 

74 

66.768 

99.386 

99 

98.381 

30.388 

25 

20.443 

57.830 

50 

42.487 

81.269 

75 

67.870 

100.000 

100 

100.000 

Values  from  Tables  5 and  6,  Bureau  of  Standards  Circular  No  19  ‘ 


Table  6.23:  Index  of  Refraction  of  Ethyl  Alcohol-Water  Mixtures  at  EC'F  (30) 


INDEX  OF  REFRACTION,  Nq 


0 

10 

20 

30 

40 


50 


60 


70 


80 


90 


100 


O 

O 


CD 


O 

f“ 

c 

s 

m 


Data  from  International  Critical  Tables 


Bolhni  Point,  *C  MOLE  % WA^E»  IN  MIXTURE 


Table  6.24:  Heat  of  Solution  of  Ethyl  Alcohol  in  Water  (30) 


0 200  400  600  800  1000  1200  1400  1600  1800  2000  2200  2400  2600  2800  3000 


HEAT  OF  SOLUTION.  CAUMOLE 

Data  from  International  Critical  Tables 
BTU'lb  mole  = 18  cal/g  mole 


Fable  6.26:  Boiling  Points  of  Ethyl  Alcohol-Water  Solutions  (34) 


RESULTANT  VOLUME  AT  60*F  (GAL,  ML,  ETC.) 


Table  6.25:  Resultant  Volume  When  Ethyl  Alcohol  and  Water 
are  Mixed  (30) 


VOLUMES  OF  WATER  AT  60“F  BEFORE  MIXING  (GAL,  ML,  ETC  ) 


100  90  80  70  60  50  40  30  20  10  0 

VOLUMES  OF  ETHYL  ALCOHOL  AT  60“F  BEFORE  MIXING  (GAL,  ML.  ETC.) 


Iben  Mellan,  IrxJustnal  Solvents  Handbook . 2nd  Edition,  Noyes  Data  Corporation  (1977) 
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Table  6.27:  Permanganate  Time  Test  (30) 


1 2 10  20  100  200  1000  2000 
CONCENTRATION  V/V  PPM  IN  190  PROOF  U S I ALCOHOL 


Ref.  U S.  Induslnal  Chemicals  Company,  Tuscola,  IL. 


Table  6.28:  Freezing  Points  of  Ethyl  Alcohol-Water  Mixtures  (30) 


Ethyl  Alcohol,  % by  Volume  at  60T 


20 

0 

-20 

-40 

-60 

-80 

-100 

-120 

-140 

-160 

-180 


Iberl  Mellan,  'Industrial  Solvents  Handbook',  2nd  Ed  . Noyes  Data  Corporation  (1977) 


Temperature,  "E 
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TEMP 


Table  6.30:  Flash  Point  of  Aqueous  Ethyl  Alcohol  Solutions 
°C  and  °F  vs  Vol  % Ethanol  (30) 
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Table  6.31:  Specific  Heat  of  Aqueous  Solutions  of  Ethanol  (30) 


0 10  20  30  40  50  60  , 70  80  90  100 

% ETHANOL  BY  WEIGHT 


Ibert  Mellan.  industrial  Solvents',  2nd  Edition,  Reinhold  Publishing  Corp  (1950) 


'able  6.32:  Surface  Tension  of  Pure  Ethanol  at 


Various  Temperatures  (30) 


TEMPERATURE  ^ 


Ibert  Mellan,  Industnal  Solvents’,  2nd  Edition.  Reinhold  Publishing  Corp.  (1950) 
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Table  6.33:  Latent  Heat  of  Vaporization  of  Ethyl  Alcohol  (34) 


Critical 
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Table  6.35:  Volumetric  Equivalents  (30) 


The  following  table  will  be  helpful  in  the  preparation  of  reports  showing  dispo- 
sition of  190  proof  and  anhydrous  (200  prooO  tax-free  and  specially  denatured 
alcohol. 


Fluid 

Wine 

Proof  Gallons 

Ounces 

Milliliters 

Gallons 

190  proof 

200  proof 

1 

30. 

0.008 

0.015 

0.016 

2 

59. 

.016 

.030 

.031 

3 

89. 

.023 

.045 

.047 

4 

118. 

.031 

.059 

.062 

5 

148. 

.039 

.074 

.078 

6 

177. 

.047 

.088 

.094 

7 

207. 

.055 

.103 

.109 

8 

237. 

.063 

.119 

.125 

9 

266. 

.070 

.134 

.140 

10 

296. 

.078 

.149 

.156 

11 

325. 

.086 

.164 

.172 

12 

355. 

.094 

.179 

.187 

13 

385. 

.102 

.194 

.203 

14 

414. 

.109 

.209 

.218 

15 

444. 

.117 

.224 

.234 

16(1  pint) 

473. 

.125 

.238 

.250 

32  (1  quart) 

946. 

250 

.475 

.500 

64  (2  quarts) 

1892 

.500 

.950 

1.000 

96 

2839 

.750 

1.425 

1.500 

128  (1  U.S.  gallon) 

3785 

1.000 

1.900 

2.000 

5.000 

9.500 

10.000 

30.000 

57.000 

60.000 

54.000 

102.600 

108.000 

55.000 

104.500 

110.000 

Table  6.36;  Ethyl  Alcohol- Water  Mixtures  (30) 


Corresponding  values  for  proof,  parts  by  vo  ume  of  water  and  alcohol,  weight  % alcohol  and  specific  gravity  in  air. 


U.S.  PROOF 
degrees 
at  60°F 

PARTS  BY  VOLUME*  OF 

WEIGHT  % 
ETHYL 
ALCOHOL 

SPECIFIC  GRAVITY 

WATER 

ETHYL  ALCOHOL 

at  60760T 
(1 5.5671 5.56°C) 

at68768°F 

(20°/20"C) 

at  77777"F 
(25725‘’C) 

0 

100.00 

0.0 

0.00 

1.0000 

1 .0000 

1.0000 

1 

99.53 

0.5 

0.40 

.9992 

.9992 

.9992 

2 

99.06 

1.0 

0.80 

.9985 

.9985 

.9985 

3 

98.58 

1.5 

1.19 

.9978 

.9978 

.9978 

4 

98.12 

2.0 

1.59 

.9970 

.9970 

.9970 

5 

97.65 

2.5 

1.99 

.9963 

.9963 

.9963 

•The  parts  by  volume  of  water  and  the  parts  by  volume  of  ethyl  alcohol  do  not  add  to  unity  (100)  at  any  one  proof  reading,  because  of  the  shrinkage  in  volume  which 
occurs  when  ethyl  alcohol  and  water  are  mixed.  The  parts  by  volume  of  ethyl  alcohol  are  the  same  as  percent  by  volume  of  ethyl  alcohol  used  to  determine  proof  for  tax 
purposes.  Ethyl  alcohol  proof,  by  legal  definition,  is  twice  the  percent  by  volume. 
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Table  6.36:  (continued) 


U.S.  PROOF 
degrees 
at  60°F 

PARTS  BY  VOLUME*  OF 

WEIGHT  % 
ETHYL 
ALCOHOL 

SPECIFIC  GRAVITY  | 

WATER 

ETHYL  ALCOHOL 

at  60760°F 
(1 5.5671 5.56X) 

at  66766^ 
(20720X) 

at  7r/77"F 
(25725X) 

6 

97.18 

3.0 

2.39 

.9956 

.9956 

.9956 

7 

96.71 

3.5 

2.79 

.9949 

.9949 

.9948 

8 

96.24 

4.0 

3.19 

.9942 

.9942 

.9941 

9 

95.78 

4.5 

3.60 

.9935 

.9935 

.9934 

10 

95.31 

5.0 

4.00 

.9928 

.9928 

.9927 

11 

94.85 

5.5 

4.40 

.9921 

.9921 

.9921 

12 

94.39 

6.0 

4.80 

.9915 

.9914 

.9914 

13 

93.93 

6.5 

5.21 

.9908 

.9908 

.9907 

14 

93.46 

7.0 

5.61 

.9902 

.9902 

.9901 

15 

93.01 

7.5 

6.02 

.9896 

.9895 

.9894 

16 

92.55 

8.0 

6.42 

.9890 

.9889 

.9888 

17 

92.09 

8.5 

6.83 

.9884 

.9883 

.9882 

18 

91.63 

9.0 

7.23 

.9878 

.9876 

.9875 

19 

91.18 

9.5 

7 64 

.9872 

.9870 

.9869 

20 

90.72 

10.0 

8.05 

.9866 

.9864 

.9863 

21 

90.27 

10.5 

8.46 

.9860 

.9858 

.9856 

22 

89.81 

11.0 

8.86 

.9854 

.9852 

.9850 

23 

89.36 

11.5 

9.27 

.9848 

.9846 

.9844 

24 

88.90 

12.0 

9.68 

.9843 

.9840 

.9838 

25 

88.45 

12.5 

10.09 

.9837 

.9835 

.9832 

26 

88.00 

13.0 

10.50 

.9832 

.9829 

.9826 

27 

87.55 

13.5 

10.91 

.9826 

.9823 

.9820 

28 

87.10 

14.0 

11.32 

.9821 

.9817 

.9814 

29 

86.65 

14.5 

11.73 

.9816 

.9812 

.9808 

30 

86.20 

15.0 

12.14 

.9810 

.9806 

.9802 

31 

85  75 

15.5 

12.55 

.9805 

.9801 

.9796 

32 

85.30 

16.0 

12.96 

.9800 

.9797 

.9790 

33 

84.85 

16.5 

13.37 

.9794 

.9790 

.9784 

34 

84.40 

17.0 

13.79 

.9789 

.9784 

.9778 

35 

83.95 

17.5 

14.20 

.9784 

.9779 

.9773 

36 

83.50 

18.0 

14,61 

.9779 

.9773 

.9767 

37 

83.06 

18.5 

15.03 

.9774 

.9768 

.9761 

38 

82.61 

19.0 

15.44 

.9769 

.9763 

.9756 

39 

82.16 

19.5 

15.85 

.9764 

.9757 

.9750 

40 

81.72 

20.0 

16.27 

.9759 

.9752 

.9744 

41 

81.27 

20.5 

16.68 

.9754 

.9747 

.9739 

42 

80.82 

21.0 

17,10 

.9749 

.9741 

.9733 

43 

80.38 

21.5 

17.52 

.9744 

.9736 

.9727 

44 

79.93 

22.0 

1 7.93 

.9739 

.9731 

.9721 

•The  parts  by  volume  of  water  and  the  parts  by  volume  of  ethyl  alcohol  do  not  add  to  unity  (100)  at  any  one  proof  reading,  because  of  the  shrinkage  In  volume  which 
occurs  when  ethyl  alcohol  and  water  are  mixed.  The  parts  by  volume  of  ethyl  alcohol  are  the  same  as  percent  by  volume  of  ethyl  alcohol  used  to  determine  proof  for  tax 
purposes.  Ethyl  ^cohol  proof,  by  legal  definition,  is  twice  the  percent  by  volume. 
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Table  6.36:  (continued) 


U.S.  PROOF 
degrees 
at  60^ 

PARTS  BY  VOLUME^  OF 

WEIGHT  % 
ETHYL 
ALCOHOL 

SPECIFIC  GRAVITY 

— 

WATER 

ETHYL  ALCOHOL 

at60760“F 

(15.56715.56”C) 

at  68V66T 

(2Cr/20X) 

Mirnrr 

(25725°C) 

45 

79.48 

22.5 

18.35 

.9734 

.9725 

.9715 

46 

79.03 

23.0 

18.77 

.9729 

.9720 

.9710 

47 

78.58 

23.5 

19.19 

.9724 

.9714 

.9704 

48 

78.14 

24.0 

19.60 

.9718 

.9708 

.9698 

49 

77  69 

24.5 

20  02 

.9713 

.9703 

.9692 

50 

77.24 

25.0 

20.44 

.9708 

.9697 

.9686 

51 

76.79 

25.5 

20.86 

.9703 

.9691 

.9679 

52 

76.34 

26.0 

21.28 

.9697 

.9686 

.9673 

53 

75.89 

26.5 

21.71 

.9692 

.9680 

.9667 

54 

75.44 

27.0 

22.13 

.9687 

.9674 

.9661 

55 

74.98 

27.5 

22.55 

.9681 

.9668 

.9654 

56 

74.53 

28.0 

22.97 

.9676 

.9662 

.9648 

57 

74.08 

28.5 

23.40 

.9670 

.9656 

.9642 

58 

73.62 

29.0 

23.82 

.9664 

.9650 

.9635 

59 

73.17 

29.5 

24,24 

.9659 

.9644 

.9629 

60 

72.72 

30.0 

24.67 

.9653 

.9638 

.9622 

61 

72.26 

30.5 

25.10 

.9647 

.9632 

.9616 

62 

71.81 

31.0 

25.52 

.9641 

.9626 

.9609 

63 

71.35 

31.5 

25.95 

.9635 

.9619 

.9602 

64 

70.89 

32.0 

26.38 

.9629 

.9613 

.9595 

65 

70.13 

32.5 

26.81  ] 

,9623 

.9606  j 

.9588 

66 

66.97 

33.0 

27.24 

.9616 

.9599 

.9581 

67 

69.51 

33.5 

27.67 

.9610 

.9593 

.9574 

68 

69.05 

34.0 

28.10 

.9604 

.9586 

.9567 

69 

68.59 

34.5 

28.54 

.9597 

.9579 

.9559 

70 

68.12 

I j 

35.0 

28.97 

.9590 

.9572 

.9552 

71 

67.66 

35.5 

29.41 

.9584 

.9565 

.9544 

72 

67.19 

36.0 

29.84 

.9576 

.9557 

.9537 

73 

66.72 

36.5 

30.28 

.9570 

.9550 

.9529 

74 

66.25 

37.6 

30.72 

.9562 

.9542 

.9521 

75 

65.78 

37.5 

31.16 

.9555 

.9535 

.9513 

76 

65.31 

38.0 

31.60 

.9548 

.9527 

.9505 

77 

64.84 

38.5 

32.04 

.9540 

.9519 

.9497 

78 

64.37 

39.0 

32.48 

.9533 

.9512 

.9489 

79 

63.90 

39.5 

32.92 

.9525 

.9504 

.9481 

80 

63.42 

40.0 

33.36 

.9517 

.9496 

.9473 

81 

62.95 

40.5 

33.81 

.9509 

.9488 

.9464 

82 

62.47 

41.0 

34.25 

.9501 

.9479 

.9456 

83 

61.99 

41.5 

34.70 

.9493 

.9471 

.9447 

"The  parts  by  volume  of  water  and  the  parts  by  volume  of  ethyl  alcohol  do  not  add  to  unity  (100)  at  any  one  proof  reading,  because  of  the  shrinkage  in  volume  which 
occurs  when  ethyl  alcohol  and  water  are  mixed.  The  parts  by  volume  of  ethyl  alcohol  are  the  same  as  percenr  by  volume  of  ethyl  alcohol  used  to  determine  proof  for  tax 
purposes.  Ethyl  alcohol  proof,  by  legal  definition,  is  twice  the  percent  by  volume. 
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Table  6.36:  (continued) 


U.S.  PROOF 
degrees 
at  60^ 

PARTS  BY  VOLUME^  OF 

WEIGHT  % 

SPECIFIC  GRAVITY 

WATER 

ETHYL  ALCOHOL 

ETHYL 

ALCOHOL 

at«r/60°F 

(1S.S6°/1S.S6°C) 

at  68°/68°F 
(20°/20X) 

at  77°/77T 
(25”/25X) 

84 

61.52 

42.0 

35.15 

.9485 

.9463 

.9439 

85 

61.04 

42.5 

35.60 

.9477 

.9454 

.9430 

86 

60.56 

43.0 

36.05 

.9469 

.9446 

.9421 

87 

60.08 

43.5 

36.50 

.9460 

.9437 

.9412 

88 

59.59 

44.0 

36.96 

.9452 

.9428 

.9403 

89 

59.11 

44.5 

37.41 

.9443 

.9419 

.9394 

90 

58.63 

45.0 

37.86 

.9434 

-9410 

.9385 

91 

58.14 

45.5 

38.32 

.9426 

.9402 

-9376 

92 

57.66 

46.0 

38.78 

.9417 

.9292 

.9366 

93 

57.17 

46.5 

39.24 

.9408 

.9383 

.9357 

94 

56.68 

47.0 

39.70 

.9399 

.9374 

.9348 

95 

56.19 

47.5 

40.16 

.9389 

.9364 

.9338 

96 

55.70 

48.0 

40.62 

.9380 

.9355 

.9328 

97 

55.21 

48.5 

41.09 

.9371 

.9345 

.9319 

98 

54.72 

49.0 

41.55 

.9361 

.9336 

.9309 

99 

54.22 

49.5 

42.02 

.9352 

.9326 

.9299 

100 

53.73 

50.0 

42.49 

.9342 

.9316 

.9289 

101 

53.24 

50.5 

42.96 

.9332 

.9306 

.9279 

102 

52.74 

51.0 

43.43 

.9322 

.9296 

.9269 

103 

52.25 

51.5 

43.90 

.9312 

.9286 

.9258 

104 

51.75 

52.0 

44.37 

.9302 

.9276 

.9248 

105 

51.25 

52.5 

44.85 

.9292 

.9266 

.9238 

106 

50.75 

53.0 

45.33 

.9282 

.9256 

.9228 

107 

50.26 

53.5 

45.80 

.9272 

.9245 

.9217 

108 

49.76 

54  0 

46.28 

.9262 

.9235 

.9207 

109 

49.26 

54.5 

46.76 

.9252 

.9225 

.9196 

110 

48.76 

55.0 

47.24 

.9241 

.9214 

.9185 

111 

48.25 

55.5 

47.73 

.9230 

.9204 

.9175 

112 

47.75 

56.0 

48.21 

.9220 

.9193 

.9164 

113 

47.25 

56.5 

48.70 

.9210 

.9182 

.9153 

114 

46.75 

57.0 

49.19 

.9199 

.9171 

.9142 

115 

46.24 

57.5 

49.68 

.9188 

.9161 

.9131 

116 

45.74 

58.0 

50.17 

.9177 

.9150 

.9120 

117 

45.23 

58.5 

50.66 

.9166 

.9139 

.9109 

118 

44.72 

59.0 

51.15 

.9156 

.9128 

.9098 

119 

44.22 

59.5 

51.65 

.9144 

.9116 

.9087 

120 

43.71 

60,0 

52.15 

.9133 

.9105 

.9076 

121 

43.20 

60.5 

52.65 

.9122 

.9094 

.9064 

122 

42.69 

61.0 

53.15 

.9111 

.9083 

.9053 

*The  parts  by  volume  of  water  and  the  parts  by  volume  of  ethyl  alcohol  do  not  add  to  unity  (100)  at  any  one  proof  reading,  because  of  the  shrinkage  in  volume  which 
occurs  when  ethyl  alcohol  and  water  are  mixed.  The  parrs  by  volume  of  ethyl  alcohol  are  the  same  as  percent  by  volume  of  ethyl  alcohol  used  to  determine  proof  for  tax 
purposes.  Ethyl  alcohol  pr(x>f,  by  legal  definition,  is  twice  the  percent  by  volume 
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Table  6.36:  (continued) 


U.S.  PROOF 
degrees 
at  60  T 

PARTS  BY  VOLUME*  OF 

WEIGHT  % 

SPECIFIC  GRAVITY 

WATER 

ETHYL  ALCOHOL 

ETHYL 

ALCOHOL 

at  60  760  F 
(1 5.5671 5.56X) 

at  68  768  F 
(20  /20°C) 

at  77777T 
(25  /25"C) 

123 

42.18 

61.5 

53.65 

.9100 

.9071 

.9041 

124 

41.67 

62.0 

54.15 

.9088 

.9060 

.9030 

125 

41.16 

62.5 

54.66 

.9077 

.9048 

.9018 

126 

40.65 

63.0 

55.16 

,9065 

.9037 

.9006 

127 

40.14 

63.5 

55.67 

.9054 

.9025 

.8995 

128 

39.62 

64.0 

56.18 

.9042 

.9014 

.8983 

129 

39.11 

64.5 

56.70 

.9031 

,9002 

.8971 

130 

38.60 

65.0 

57.21 

.9019 

,8990 

.8959 

131 

38.08 

65.5 

57.72 

.9007 

.8978 

.8948 

132 

37.57 

66.0 

58.24 

.8996 

.8966 

.8936 

133 

37.05 

66.5 

58.76 

.8984 

.8954 

.8924 

134 

36.54 

67,0 

59.28 

.8972 

.8942 

.8912 

135 

36,02 

67.5 

59.80 

.8960 

.8930 

.8899 

136 

35.50 

68.0 

60.32 

.8948 

.8918 

.8887 

137 

34.99 

68.5 

60.85 

.8936 

.8906 

.8875 

138 

34.47 

69.0 

61,38 

8923 

8894 

8862 

139 

33.95 

69.5 

61.91 

.8911 

8882 

.8850 

140 

3343 

70.0 

62.44 

-8899 

.8869 

.8838 

141 

32.91 

70.5 

62.98 

8886 

.8856 

8825 

142 

32.38 

71.0 

63.51 

.8874 

.8844 

.8812 

143 

31.86 

71.5 

64.05 

.8861 

.8831 

8800 

144 

31.34 

72.0 

64.59 

.8848 

.8819 

.8787 

145 

30.82 

72.5 

65.13 

.8836 

.8806 

.8774 

146 

30.29 

73.0 

65.67 

8823 

.8793 

.8761 

147 

29.76 

73.5 

66.22 

.8810 

.8780 

.8748 

148 

29.24 

74.0 

66.77 

.8797 

,8767 

.8735 

149 

28.71 

74.5 

67.32 

,8784 

,8754 

.8722 

150 

28.19 

75.0 

67.87 

.8771 

.8741 

.8709 

151 

27,66 

75.5 

68.43 

.8758 

.8728 

,8696 

152 

27.13 

76.0 

68.98 

.8745 

.8715 

.8682 

153 

26.60 

76.5 

69,54 

.8732 

.8702 

.8669 

154 

26.07 

77.0 

70.10 

.8718 

8688 

.8655 

155 

25.54 

77.5 

70.67 

.8705 

.8674 

.8642 

156 

25.01 

78.0 

71.23 

.8691 

.8661 

.8628 

157 

24.47 

78.5 

71.80 

.8678 

.8647 

.8614 

158 

23.94 

79.0 

72.38 

.8664 

.8633 

.8600 

159 

23.40 

79.5 

72.95 

.8650 

.8620 

.8586 

160 

22.87 

80.0 

73,53 

.8636 

.8606 

.8572 

161 

22.33 

80.5 

74.11 

.8622 

.8592 

.8558 

•The  parts  by  volume  of  water  and  the  parts  by  volume  of  ethyl  alcohol  do  not  add  to  unity  (100)  at  any  one  proof  reading,  because  of  the  shrinkage  in  volume  which 
occurs  when  ethyl  alcohol  and  water  are  mixed.  The  parts  by  volume  of  ethyl  alcohol  are  the  same  as  percent  by  volume  of  ethyl  alcohol  used  to  determine  proof  for  tax 
purposes.  Ethyl  ^cohol  proof,  by  legal  definition,  is  twice  the  percent  by  volume. 


(continued) 


Mononyanc  /uconois 


Table  6.36:  (continued) 


u s.  Department  of  Commerce.  STANDARD  DENSITY  AND  VOLUMETRIC  TABLES.  CIRCULAR  OF  THE  BUREAU  OF  STANDARDS  NO.  19  (Washington:  U.S  Government  Printing  Office.  1924) 
pp  6 . 9 & 16 

U.S  Treasury  Department.  GAUGING  MANUAL  EMBRACING  INSTRUCTIONS  AND  TABLES  FOR  DETERMINING  THE  QUANTITY  OF  DISTILLED  SPIRITS  BY  PROOF  AND  WEIGHT 
(Washington  U.S.  Government  Printing  Office,  1970). 

Speaftc  Gravity  at  20^20■  C artd  25‘  .;25X  from  Table  52  003,  OFFICIAL  METHODS  OF  ANALYSIS  OF  THE  ASSOCIATION  OF  OFFICIAL  ANALYTICAL  CHEMISTS,  Twelfth  Edition,  1975. 

■The  parts  by  volume  of  water  and  the  parts  by  volume  of  ethyl  alcohol  do  not  add  to  unity  ( lOO)  9t  any  one  proof  reading,  because  of  the  shrinkage  in  volume  which  occurs  when  ethyl  alcohol  and 
water  are  mixed.  The  parts  by  volume  of  ethyl  alcohol  are  the  same  as  percent  by  volume  of  ethyl  alcohol  used  to  determine  proof  for  tax  purposes.  Ethyl  alcohol  proof,  by  legal  definition,  is  twice 
the  percent  by  volume. 


Table  6.37:  Specially  Denatured  Alcohols  (30) 


AUTHORIZED  COMPOSTTION: 


SDA  1-1  ’ 

SDA  1-2'^’ 

SDA  2B-1 

Test  Method 

To  every  100  gallons  of  alcohol  add; 

Methyl  Alcohol,  gallons 

1 

4 



Denatonium  Benzoate,  N.F  avdp  oz 

1 

B 

_ 

Methyl  isobutyl  Ketone,  gallons 

- 

- 

1 



Benzene,  gallons 

- 

_ 

0.5 

Rubber  Hydrocarbon  Solvent,  gallons 

- 

— 

_ 

_ 

Toluene,  gallons 

- 

— 

_ 

Metallic  ^dium,  pounds 

- 

- 

- 

- 

- 

- 

FORMULATION: 

190 

Anhydrous 

190 

Anhydrous 

190^ 

Anhydrous 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

SPECIFICATIONS: 

Specific  gravity  @ 15.56 15. 56"C  (60  F,  60T) 

0.8144  0 8156 

0.7934  0 7944 

0 8142  0.8154 

0,7934  0.7944 

08154  0,8166 

0.7939  0 7949 

ASTM  D-891 

@20^C  20^C 

0.81 13  0.8124 

0.7902  0.7912 

0 8111  0.8122 

0.7902  0.7912 

0.8122  0.8134 

0,7908  0.7918 

@25"C  25"C 

0 8078  0.8090 

0.7868  0.7879 

0 8076  0.8088 

0.7868  0.7879 

0,8088  0.8100 

0.7874  0.7884 

Acidity.  wt/wt%  as  acetic  acid 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

ASTM  D-1613 

Non-volatile  matter,  grams  100  ml 

— 00025 

— 0.0025 

— 0.0025 

— 0,0025 

— 0.0025 

- 0.0025 

ASTM  D-1353 

Color.  Pt-Co 

— 10 

— 10 

— 10 

— 10 

— 10 

— 10 

ASTM  D-1209 

Water  content,  vol/vol  °o 

— — 

— 0.10 

— — 

— 0 10 

— 0,10 

ASTM  D-1364 

Odor 

Typical 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  proof  at  60T 
Composition  wt 'wt% 

1904 

199  9 

190.5 

199  9 

189,9 

199.7 

I.R.S.  Gauging  Manual 

Ethyl  Alcohol 

88,95 

96  14 

88  12 

95.22 

91,92 

99.45 

Methyl  Alcohol 

3 76 

3 86 

3.72 

3.82 

Denatonium  Benzoate 

0.001 

0 001 

Methyl  Isobutyl  Ketone 

— 

__ 

0 94 

0.96 



Benzene 

— 



0.54 

0 55 

Rubber  Hydrocarbon  Solvent 

— 







Toluene 

— 





Metallic  sodium 









Water 

Coefficient  of  expansion 

7 29 

— 

7 22 

— 

7^54 

- 

Per  it: 

0.0010 

0 0011 

0.0010 

0.0011 

0,0010 

0,0010 

Per  I F 
Flash  point 

0 0006 

0 0006 

0.0006 

0.0006 

0.0006 

0.0006 

Tag  closed  cup 

13 

12 

14 

11 

18 

12 

ASTM  D-56 

p: 

56 

53 

58 

52 

64 

54 

Tag  open  cup 

23 

22 

18 

16 

18 

16 

ASTM  D-1310 

F 

73 

71 

65 

60 

65 

60 

Pounds  per  gallon  @60  F.  per  27  CFR  212  1 1 5 
Shipping  containers 

6 788 

6 612 

6.788 

6.611  ’ 

6.795 

6 612 

Tank  cars 

Tank  trucks 

Drums 

Pails 

Coooments: 

1 Wcxxl  ateohol  is  an  aurtiofized  denaturant  for  SDA  l j27  CFR  212  16)  but  it  is  of  no  present  commercial  importance 
2.  This  formula  must  be  used  m a closed  end  continuous  system  unless  it  is  shown  that  it  is  rx>t  practical  to  do  so. 

3 Determined  by  U.S.I. 

4 27  CFR  212.10  authonzes  the  use  of  one-half  gallon  rubber  hydrocarbon  solvent  or  toluene  in  lieu  of  benzene.  Metallic  sodium  in  excess  of  33  pounds  is  also  authorized.  SDA 
2C  IS  only  suppled  in  the  anhydrous  formulation.  It  must  be  used  in  a closed  and  continuous  system  unless  it  is  shown  that  it  is  not  practical  to  do  so. 


(continued) 
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Table  6.37:  (continued) 


authorized  COMPOSITION: 


SDA  2B-2  ’ 


SDA  2B-3<^ 


SDA  201  ‘ 


SDA  3A 


Test  Method 


To  every  100  gallons  of  alcohol  add; 
Methyl  Alcohol,  gallons 
Denatonlum  Benzoate,  N.F  avdp.  02. 
Methyl  Isobutyl  Ketone,  gallons 
Benzene,  gallons 

Rubber  Hydrocarbon  Solvent,  gallons 
Toluene,  gallons 
Metallic  Sodium,  pounds 


0.5 


0.5 


0.5 


33 


FORMULATION: 


190 

Min.  Max. 


Anhydrous 
Min.  Max. 


190° 

Min.  Max. 


Anhydrous 
Min.  Max. 


Anhydrous 
Min.  Max. 


190° 

Min.  Max. 


Anhydrous 
Min.  Max. 


SPECIFICATIONS: 

Specific  gravity  @ 15  56  C 15.56  C (60  F 60  F) 
@20°C  20  C 
(§25°C  25  C 
Acidity.  wlwt°o  as  acetic  acid 
Non-volatile  matter,  grams  100  ml 
Color.  Pt-Co 
Water  content,  vot'vol 
Odor 


08144  08156 

08113  0.8124 

08078  0,8090 

— 0,0025 

— 0.0025 

— 10 


Typical 


0,7926  0,7936 

0 7895  0.7905 

0.7862  0.7871 

— 0.0025 

— 0 0025 

— 10 
0.10 


0,8154  0 8166 

0,8122  0.8134 

0,8088  0,8100 
~ 0.0025 

— 0.0025 

— 10 


0.7936 

0,7905 

0,7871 


Typical 


0.7946 
0.7915 
0 7882 
00025 
0.0025 
10 

0,10 


0,8339  0.8372 
0.8308  0.8340 

0.8274  0,8306 


Typical 


0.8144  0.8156 

0.8113  0.8124 

08078  0.8090 

— 0.0025 

— 0.0025 

— 10 


Typical 


0 7934  0 7944 

0.7902  0.7912 

0.7869  0,7879 

— 00025 

— 0.0025 

— 10 
0.10 


ASTM  D-891 


ASTM  D-1613 
ASTM  D-1353 
ASTM  D-1209 
ASTM  D-1364 
Organoleptic 


TYPICAL  PROPERTIES: 

Apparent  proof  at  60T 
Composition  wt/wt% 

Ethyl  Alcohol 
Methyl  Alcohol 
Denatonium  Benzoate 
Methyl  Isobutyi  Ketone 
Benzene 

Rubber  Hydrocarbon  Solvent 

Toluene 

Metallic  sodium 

Water 

Coefficient  of  expansion 
Per  1 C 
Per  1 F 
Flash  point 
Tag  closed  cup 
C 
F 

Tag  open  cup 
F 

Pounds  per  gallon  60  F per  2 7 CFR  2 1 2 1 1 5 
Shipping  containers 
Tank  cars 
Tank  trucks 
Drums 
Pails 


190.4 

92,03 


0.42 


7.55 


0.0010 

0.0006 


15 

59 

16 

60 

6.788 - 


200  2 
99  56 


0,44 


189,9 
91  93 


0 53 
7.54 


00010 

0.0006 


13 

56 

13 

55 

6 606'^^ 


0 0010 
00006 


16 

61 

21 

69 

6.797'- 


199.8 

99.45 


0 55 


178,8 


190,4 

88  12 
4 65 


7,23 


0 001  1 
00006 


14 

57 

19 

66 

6.613  ■ 


0.0010 

0.0006 


16 

60 

6.959 


No 

No 


No 


0 0010 
0 0006 


16 

60 

18 

65 

6,785 


1999 


95  22 
4 78 


i.R  S Gauging  Manual 


0 0011 
00006 


13 

55 

16 

60 

6.609 


ASTM  D-56 
ASTM  D-1310 


Comments 

1 Wood  alcohol  is  an  authorized  denalurant  for  SDA  1 (27  CFR  212  16)  but  it  ts  of  no  present  commercial  importance 

2 This  formula  must  be  used  m a closed  end  continuous  system  unless  it  is  shown  that  it  is  not  practical  to  do  so 

3 Determined  by  U S.f. 

4 27  CFR  212  10  authorizes  the  use  of  one-half  gallon  rubber  hydrocarbon  solvent  or  toluene  m lieu  of  benzene  Metallic  sodium  in  excess  of  33  pounds  is  also  authorized.  SDA 

2C  IS  only  supplied  in  the  anhydrous  formulation  It  must  be  used  in  a closed  and  continuous  system  unless  it  is  shown  that  it  Is  not  practical  to  do  so,  , 

(continued) 


Table  6.37:  (continued) 
AUTMORIZEO  COMPOSmON: 


SDA4<3> 

SDA  6B 

SDA  12A>1 

Tactitothod 

To  every  100  gallons  of  alcohol  add; 

Nicotine,  solution'**  gallons 

1 

— 

- 

- 

Pyridine  Bases,  gallons 

— 

0.5  ' 

- 

- 

Benzene,  gallons 

Rubber  Hydrocarbon  Solvent,  gallons 

_ 

_ 

5 

_ 

Toluene,  gallons 

— 

— 

- 

— 

- 

Ethyl  Ether,  gallons 

— 

— 

- 

FORMULATION; 

190° 

190 

Anhydrous 

190 

Anhydrous 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

SPECIFICATIONS: 

Specific  gravity  (2>  15.56°C/15.56“C  (60  F 60T) 

08181  0.8193 

08160  08172 

0.7939  0 7949 

0.8183  0.8194 

0.7972  0.7986 

ASTM  D-891 

(®20°C/20“C 

08149  0.8161 

0.8128  0.8140 

0.7907  0.7918 

0.8151  0.8162 

0.7940  0.7955 

@ 25°C/25°C 

0.8115  0.8126 

0.8094  0.8105 

0.7873  0.7884 

0.8117  0.8128 

0.7907  0.7921 

ASTM  D-1613 
ASTM  D-1353 

Acidity.  wt/wt%  as  acetic  acid 
Non-volatile  matter,  grams/ 100  ml 

- 0.0025 

— 0,01 

< alka 

~~  0.0025 

line > 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

Color,  Pt-Co 

Blue 

~ 30 

- 30 

— 10 

__  10 

ASTM  D-1209 

Water  content,  vol,  vol  % 

— — 

— — 

— 0.20 

— — 

— 0.10 

ASTM  D- 1364 

Odor 

Typical 

Typical 

Typical 

Orgarroleptic 

TYPICAL  PROPERTIES: 

Apparent  proof  at  60T 

188.5 

189.6 

199.7 

188.4 

198  3 

i.R.S.  Gauging  Manual 

Composition,  wt/wt% 

Ethyl  Alcohol 

91.30 

91  88 

99.38 

87,69 

94  73 

Nicotine 

0.024 

— 

— 

— 

— 

Methylene  Blue 

0.0003 

— 

— 

— 

— 

Pyridine  Bases 

— 

059 

0.62 

— 

— 

Benzene 

— 

— 

5.12 

5,27 

Rubber  Hydrocarbon  Solvent 

— 

— 

— 

Toluene 

— 

— 

— 

— 

— 

Ethyl  Ether 

— 

— 

— 

— 

— 

Water 

8.68 

7,53 

— 

7.19 

— 

Coefficient  of  expansion 

Per  rc 

00010 

0,0010 

0,0010 

0.0011 

0,0011 

Per  IT 

0.0006 

0.0006 

0.0006 

0.0006 

0.0006 

Flash  point 

Tag  closed  cup  ' 

17 

18 

17 

6 

6 

ASTM  D-56 

63 

64 

62 

42 

42 

Tag  open  cup 

18 

18 

16 

10 

7 

ASTM  D-1310 

F“ 

65 

65 

60 

50 

45 

Pounds  per  gallon  60T.  per  27  CFR  212  115 

6.823 

6801 

6618 

6.820 

6,645 

Shipping  containers 

Tank  cars 
Tank  trucks 
Drums 
Pails 

Comment 


1 SDA  38.  prepared  by  the  addition  o(  one  gallon  ptne  tar  N F to  every  100  gallons  alcohol,  is  an  ATF  authorized  formulation  Because  of  very  Nmited  use.  it  is  not  discussed  in 
this  book. 

2 Nicotine  Solution  Composition:  Five  gallons  of  an  aqueous  solution  containing  40  percent  nicotine  and  3 6 av  ounces  of  methylene  blue  N F,,  plus  sufficient  water  to  make  100 
gallons. 

3.  Available  in  190  formulation  only. 

4.  Oetermined  by  U S 1 i +’  a\ 

5.  SDA  17.  prepared  by  the  addition  of  0.05  gallon  (6.4  fluid  ounces)  of  bone  oil  (Dipple  s Oil)  to  every  100  gallons  alcohol,  is  an  ATF  authorized  formulation,  Because  of  very  \COn  tinU60) 

limited  use  it  is  not  discussed  in  this  book. 
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Table  6.37:  (continued) 


AUTHORIZED  COMPOSITION: 


To  every  100  gallons  of  alcohol  add: 
Nicotine,  solution'’’  gallons 
Pyridine  Bases,  gallons 
Benzene,  gallons 

Rubber  Hydrocarbon  Solvent,  gallons 
Toluene,  gallons 
Ethyl  Ether,  gallons 

FORMULATION: 


SPECIFICATIONS: 

Specific  gravity  @ 15  56"C/15  56°C  (60T/60T) 
@ 20°C/20"C 
@ 25°C/25°C 
Acidity,  wt/wt%  as  acetic  acid 
Non-volatile  matter,  grams/ 1 00  ml 
Color,  Pt-Co  i 

Water  content,  vol/vol  % 

Odor 

TYPICAL  PROPERTIES: 

Apparent  proof  at  60T 
Composition.  wl/wt% 

Ethyl  Alcohol 
Nicotine 
Methylene  Blue 
Pyridine  Bases 
Benzene 

Rubber  Hydrocarbon  Solvent 

Toluene 

Ethyl  Ether 

Water 

Coefficient  of  expansion 
Per  1 "C 
PerrF 
Flash  point 
Tag  closed  cup 

F 

Tag  open  cup 
F 

Pounds  per  gallon  @ 60  ^F.  per  27  CFR  21 2 1 1 5 

Shipping  containers 
Tank  cars 
Tank  trucks 
Drums 
Pails 


SDA  12A-3 


SOA13A 


190 

Min. 

Max. 

Anhydrous 
Min.  Max. 

190 

Min. 

Max. 

Annyorous 
Min.  Max. 

— 

0.8077 

08189 

0.7972 

0.7986 

0.8067 

0.8100 

0.7883 

0.7895 

0.8146 

0.8157 

0.7940 

0.7955 

0.8056 

0.8068 

0.7857 

0.7863 

0 8111 

0.8123 

0.7907 

0.7921 

0.8022 

0.8034 

0.7816 

0.7828 

0.0025 

— 

0.0025 

0.0025 

— 

0.0025 

00025 

— 

0.0025 

— 

0.0025 

0.0025 

10 

— 

10 

— 

10 

— 

10 



— 

0.10 

— 

— 

— 

0.10 

ASTM  D-891 


ASTM  D-1613 
ASTM  D-1353 
ASTM  D-1209 
ASTMD-1364 
Organoleptic 


I.R.S.  Gauging  Manual 


ASTM  D-56 


ASTM  D-1310 


1 SDA  3B,  prepared  by  the  addition  o(  one  gallon  p<ne  tar  N.F.  to  every  100  gallons  alcohol,  is  an  ATF  authorized  formulation.  Because  of  very  limited  use,  it  is  not  discussed  in 
this  book 

2 Nicotine  Solution  Composition  Five  gallons  of  an  aqueous  solution  containing  40  percent  nicotine  and  3 6 av  ounces  of  methylene  blue  N F . plus  sufficient  water  to  make  100 
gallons 

3.  bailable  in  190  formulation  orrly. 

4 Determined  by  U S.I.  . 

5.  SDA  17,  prepared  by  the  addition  of  0,05  gallon  {6.4  fluid  ounces)  of  bone  oil  (Dipples  Oil)  to  every  100  gallons  alcohol,  is  an  ATF  authorized  formulation.  Because  of  very 
Nmited  use  it  is  not  discussed  tn  this  book.  , . 

(continued) 
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Table  6.37:  (continued) 


AUTHORIZED  COMPOSITtON: 


SOA  20'"' 

SOA  22'*' 

SOA  23A 

Test  Method 

To  every  100  gallons  of  alcohol  add: 

Chloroform,  gallons 

5 

— 

— 

Formaldehyde,  Solution  U.S.P  . gallons 

— 

10 

— 

Acetone.  N.F..  gallons 

— 

— 

8 

Salicylfc  Acid,  N.F,  pounds 

— 

— 

- 

Resorcin.  U.S.P  pounds 

— 

— 

— 

Berqamot  Oil.  N.F . gallons 

— 

— 

Methyl  Isobutyt  Ketone,  gallons 

— 

— 

- 

FORMULATION: 

Anhydrous 

190^ 

190^ 

Anhydrous 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

SPECIFICATIONS: 

Specific  gravity  @ 15  56°C.  15  56  0 (60T  60T} 

0 8265  0.0282 

08444  08462 

08144  0.8156 

0 7939  0 7949 

ASTM  D-891 

@ 20"C.'  20"C 

0 8233  0 8251 

0.8413  0.6431 

0.8113  0.8124 

0 7908  0.7918 

@ 25"C '25  0 

0 8199  0,8216 

08379  0.8398 

08078  0,8090 

0,7874  0,7884 

Acidity.  wt/wt%  as  acetic  acid 

— 0 0050 

— 0.010 

~ 0.0025 

— 0.0025 

ASTM  D-1613 

Non -volatile  matter,  grams  100  ml 

— 0.0025 

— 0.0025 

— 0.0025 

— 0,0025 

ASTM  D-1353 

Color.  Pt-Co 

10 

— 10 

10 

— 10 

ASTM  D-1209 

Water  content,  vol-vol  % 

— 0 10 

— — 

— — 

— 0,10 

ASTM  D-1364 

Odor 

Typical 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  proof  at  60  F 

183  7 

172  6 

190.4 

199  7 

I R S Gauging  Manual 

Composition,  At,  wt“o 

Ethyl  Alcohol 

91  50 

81  50 

85  73 

92  57 

Chloroform 

8.50 

— 



Formaldehyde 

— 

4 37 

Atetone 

— 

1 42-Methanol 

7 24 

7 43 

Salicylic  Acid 

— 

— 

— 

Resorcin 

— 

— 

— 

Bergamot  Oil 

- 

__ 

Methyl  Isobutyl  Ketone 

-- 

Water 

....... 

12  71 

7 03 

- 

Coefficient  of  expansion 

Per  1 C 

0 001 1 

0 0010 

0 0011 

0 001 1 

Per  11^ 

0 0006 

0.0006 

0.0006 

00006 

Flash  point 

Tag  closed  cup 

ASTM  D-56 

C 

13 

18 

6 

4 

F 

56 

65 

43 

40 

Tag  open  cup 

ASTM  D-1310 

C 

13 

17 

16 

16 

F 

55 

62 

60 

60 

Pounds  per  gallon  @ 60  F per  27  CFR  212  115 

6 886 

7 037 

6 788 

6 621 

Shipping  containers 

Tank  cars 

No 

No 

y 

Tank  trucks 

No 

No 

Drums 

V 

y' 

Pails 

Comments 

1 SDA  10.  prepared  by  the  addition  ot  lOO  gallons  of  vinegar  of  not  less  than  90*gram  strength  or  1 50  gallons  of  vinegar  of  not  less  than  60-gram  strength  to  every  100  gallons 
of  alcodoi  IS  an  authorized  formula  It  is  not  discussed  m this  book  because  of  limited  commeraal  imponance 

2 SDA  19  prepared  by  the  addition  of  lOO  gallons  of  ethyl  ether  to  every  100  gallons  of  alcohol  is  an  authorized  formula  Because  of  very  limited  use  it  is  not  discussed  in  this 
book, 

3 Available  m anhydrous  formulation  only 

4 The  190  formulation  is  typically  used 

5 27  CFR  212  31  also  authorizes  the  use  ot  1 gallon  bay  oil  N F . m heu  of  the  1 gallon  bergarmot  oil  N.F 


(continued) 
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Table  6.37:  (continued) 


AUTHORIZED  COMPOSITION. 


To  every  100  gallons  of  alcohol  add 
Chloroform,  gallons 

Formaldehyde.  Solution  U S P. . gallons 
Acetone.  N.F  gallons 
Salicylic  Acid  N.F  pounds 
Resorcin.  U S P pounds 
Bergamot  Oil,  N F . gallons 
Methyl  Isobutyl  Ketone  gallons 


FORMULATION: 


SPECIFICATIONS: 

Specific  gravity  @ t 5 56  C 5 56  C (60  F 60  F) 
@ 20  C 20  C 
(o.  25  C 25  C 
Acidity  wt  wi°o  as  acetic  acid 
Non-volatile  matter  grams  ^00  ml 
Color  Pt-Co 

Water  content,  vol  vol  °o 
Odor 

TYPICAL  PROPERTIES: 

Apparent  proof  at  60  F 
Composition,  wt  wt'^- 
Ethyl  Alcohol 
Chloroform 
Formaldehyde 
Abetone 
Saltcyfic  Acid 
Resorcin 
Bergamot  Oil 
Methyl  tsobutyl  Ketone 
Water 

Coefficient  of  expansion 
Per  1 C 
Per  1 F 
Flash  point 
Tag  closed  cup 
C 
F 

Tag  open  cup 
F 

Pounds  per  gallon  (a,'  60  F per  27  CFR  212  115 
Shipping  containers 
Tank  cars 
Tank  trucks 
Drums 
Pails 


SDA  23F-1 

SDA  23H 

Test  Method 

- 

8 

3 

1 

1 

1.5 

190^ 

Anhydrous 

190" 

Anhydrous 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

0 8193  0 8204 

0 7964  0 7979 

0,8140  0 8152 

0 7942  0 7952 

ASTM  D-891 

08161  0.8172 

0 7932  0 7948 

08109  08120 

07910  0.7920 

08126  08138 

07899  0,7914 

0 8074  0.8086 

0,7876  0.7886 

0 10  0,20 

0 10  0 20 

— 00025 

— 0 0025 

ASTM  D-1613 

N A 

N'A 

- 0,0025 

00025 

ASTM  D-1353 

Pale  Green 

Pale  Green 

— 10 

— 10 

ASTM  D-1209 



040 

— 0 10 

ASTM  D-1364 

Typical 

Typical 

Organoleptic 

187.9 

■ 

198.6 

190  6 

199.6 

1 R.S.  Gauging  Manual 

90  91 

98.26 

84  58 

9129 

7 14 

7 33 

0 43 

0.45 

— 

— 

0.14 

0 15 

— 

— 

1 06 

1.09 

— 

— 

..._ 

— 

1 35 

1 38 

7 46 

— 

6 93 

— 

0 0010 

0 0010 

0 0011 

0.0011 

0 0006 

0 0006 

0 0006 

0.0006 

ASTM  D-56 

16 

13 

6 

2 

60 

56 

43 

36 

ASTM  D-1310 

18 

18 

10 

2 

65 

65 

50 

35 

6 808 

6 627 

6 785 

6.617 

No 

No 

No 

^ — Polyethylene  lined 

1 SDA  18  prepared  by  the  addition  of  lOO  gallons  ot  vmegar  of  no:  'ess  than  90-qrain  strength  or  150  gallons  of  vinegar  o‘  not  less  than  60-grain  strength  to  every  tOO  gallons 
of  alcohol  iS  an  authorized  formula  It  is  not  discussed  m this  boo**  because  of  limited  com.merciai  mponance 

2 SDA  19  prepared  by  the  addition  of  100  gallons  cl  ethyl  ether  to  every  100  gallons  of  alcohol ‘S  an  autnonzed  formula  Because  of  very  limited  use  it  is  not  discussed  m this 
book. 

3 Available  in  anhydrous  formjiai'oni  only 

4 The  190  formulation  is  typica^iv  used 

5 27  CFR  212  31  also  authorizes  the  use  of  1 gallon  bay  oil  N F m iieu  of  tne  1 gallon  bergamct  o^i  N F (COntinUBCl) 
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Table  6.37:  (continued) 


AVmORIZEO  COMPOSITION: 


SDA  25-1  *’» 

SDA  25-2  < > 

SDA  2SA-1 

SDA  25A-2<'* 

TMt  Method 

To  every  100  ^lons  of  aicohof  add: 

iodine.  U.S.P.,  pounds 

20 

20 

20 

20 

Potassium  Iodide.  U.S.P.,  pounds 

15 

— 

15 

— 

Sodium  Iodide,  U.S.P,  pounds 

— 

15 

— 

15 

Water,  pounds 

— 

— 

15 

15 

Rosemary  Oil,  N.F . gallons 

— 

— 

— 

— 

Camphor,  U.S.P,  pounds 

— 

— 

— 

— 

Clove  Oil,  U.S.P.  gallons 
Lavender  Oil,  U.S.P,  gallons 

— 

— 

— 

— 

— 

— 

— 

— 

Medicinal  Soft  Soap,  U.S  P.  pounds'^' 

— 

— 

— 

— 

FORMULATION: 

190=’ 

190" 

190" 

190" 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

SPECIFICATIONS: 

Specific  gravity  @ 15.56"C/15.56“C  (60°F/60°F) 

0.8491  0.0521 

0.8494  0,0523 

0.0535  0.0564 

0,0541  0.8571 

ASTM  D-891 

@ 20“C/20“C 

0.8460  0.8490 

0.0463  0.0492 

0.0504  0.0533 

0.0510  0.0539 

@ 25"C/25^ 

0.8426  0.0456 

0.0429  0.0459 

0.0471  0.0500 

0.0476  0.0506 

Acidity.  wt/wt%  as  acetic  acid 

— — 

— — 

— — 

— — 

ASTM  D-1613 

Non-volatile  matter,  grams/ 100  ml 

— — 

— — 

— — 

— — 

ASTM  D-1353 

Color.  Pt-Co 

Deep  Red-Brown 

Deep  Red-Brown 

Deep  Red-Brown 

Deep  Red-Brown 

ASTM  D-1209 

Water  content,  vol/vol  % 

— — 

— — 

— — 

— — 

ASTM  D- 1364 

Odor 

Typical 

Typical 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  proof  at  60°F 

169.1 

168.9 

166.1 

165.7 

LR.S.  Gauging  Manual 

Composition.  wt/wt% 

Ethyl  Alcohol 

07.90 

07,90 

86.09 

06.09 

Iodine 

2.00 

2.80 

2,74 

2.74 

Potassium  Iodide 

2.10 

— 

206 

— 

Sodium  Iodide 

— 

2.10 

— 

2.06 

Rosemary  Oil 

— 

— 

— 

— 

Camphor 

— 

— 

— 

— 

Clove  Oil 

— 

— 

— 

— 

Lavender  Oil 

— 

— 

— 

— 

Soft  Soap 

— 

— 

— 

— 

Water 

720 

7.20 

9,11 

9 11 

Coefficient  of  expansion 

Per  1 C 

0.0010 

0.0010 

0 0010 

0 0010 

Per  IT 

0.0006 

0.0006 

0,0006 

0,0006 

Rash  Point 

Tag  closed  cup 

16 

16 

16 

16 

ASTM  D-56 

F^ 

60 

60 

60 

60 

Tag  open  cup 

10 

10 

10 

10 

ASTM  D-1310 

F^ 

65 

65 

65 

65 

Pounds  per  gallon  @ 60T.  per  27  CFR  212  115 

7000 

7083 

7 119 

7 117 

Shipping  containers 

Tank  cars 

No 

No 

No 

No 

Tank  trucks 

No 

No 

No 

No 

Drums 

50  gallon,  polyethylene  returnable  drums  only 

50  gallon,  polyethylene  returnable  drums  only 

Pails 

No 

1 No 

No 

I No 

Comments 

1 These  SDA  s typically  supplied  only  m the  190^  formulation 

2 The  requirements  of  this  formula  may  be  met  by  adding  66.5  pourrds  of  U.S  P quality  soap  concentrate  containing  25  percent  water  to  100  gallons  of  alcohol  and,  after  mixing, 
by  adding  thereto  33  5 pounds  of  water  and  mixing  again. 
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Table  6.37:  (continued) 


AUTHORIZED  COMPOSITION: 


SOA  27 

SDA27A<^> 

SDA27B<'> 

TMt  Method 

To  every  100  gallons  of  alcohol  add; 

Iodine,  U.S.R,  pounds 

— 

- 

— 



Potassium  Iodide.  U.S.R,  pounds 

- 

— 



Sodium  Iodide,  U.S.R,  pounds 

— 

- 

— 

Water,  pounds 

- 

— 

— 

Rosemary  Oil,  N.R.  gallons 

1 

— 

Camphor,  U.S.R,  pounds 

30 

35 

— 

Clove  Oil.  U.S.R , gallons 

— 

1 



Lavender  Oil.  U S R.  gallons 

_ 

— 

1 

Medicinal  Soft  Soap,  U.S.R  pounds'^' 

- 

— 

100 

FORMULATION: 

190“ 

Anhydrous 

190“ 

190“ 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

SPECIFICATIONS: 

Specific  gravity  @ 15.56"C/15.56°C  (60T  60°F) 

0.8202  0.8240 

07996  0.8020 

0.8238  0,8263 

0.8408  0,8448 

ASTM  D-891 

@ 20"C/20=C 

0.8170  0.8207 

0.7964  0,7988 

0.8207  0.8231 

0.8377  0.8417 

@ 25"C/25"C 

08136  0.8172 

07930  0.7954 

0.8172  0.8197 

0.8343  0,8383 

Acidity.  wt/wt%  as  acetic  acid 

— 0.005 

— 0,010 

— 0.030 

— — 

ASTM  D-1613 

Non-volatile  matter,  grams/ 100  ml 

N/A 

N/A 

N/A 

— — 

ASTM  D-1353 

Color,  Pt-Co 

— 40 

— 40 

— 60 

ASTM  D-1209 

Water  content,  vol/vol  % 

— — 

— 0.10 

— — 

— — 

ASTM  D-1364 

Odor 

Typical 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  proof  at  60"F 

1867 

197,1 

185,2 

174,2 

I.R.S.  Gauging  Manual 

Composition,  wt/wt% 

Ethyl  Alcohol 

87  58 

94.62 

86.83 

79.79 

Iodine 

— 

— 

— 

Potassium  Iodide 

— 

— 

Sodtum  Iodide 

— 

— 

Rosemary  Oil 

1 06 

1.08 

— 

Camphor 

4 18 

4,30 

4 84 

Clove  Oil 

— ■ 

— 

1.21 

Lavender  Oil 

— 

— 

— 

0.96 

Soft  Soap 

— 

— 

— 

6.35 

Water 

7 18 

— 

7,12 

12.90 

Coefficient  of  expansion 

Per  1 C 

0.0010 

0.0010 

0.0010 

0.0010 

Per  IT 

00006 

0,0006 

0.0006 

0.0006 

Flash  Point 

Tag  closed  cup 

ASTM  D-56 

C^ 

14 

13 

16 

18 

F^ 

58 

56 

60 

64 

Tag  open  cup 

ASTM  D-1310 

C 

18 

16 

18 

18 

F^ 

65 

60 

65 

65 

Pounds  per  gallon  @ 60  T,  per  27  CFR  212  115 

6846 

6670 

6.867 

7,027 

Shipping  containers 

Tank  cars 

No 

No 

No 

Tank  trucks 

No 

No 

No 

Drums 

y 

X 

/ 

Pails 

X 

y 

X = resin  lined  containers  only. 


Comments: 

1 These  SDA  s typically  supplied  only  m the  190'  formulation 

2 The  requirements  of  this  formula  may  be  met  by  adding  66,  5 pounds  of  U S P quality  soap  concentrate  containing  25  oercent  water  to  100  gallons  of  alcohol  and.  after  mixing, 
by  adding  thereto  33  5 pounds  of  water  and  mixing  again, 
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Table  6.37:  (continued) 


AUTHOiaZEO  COMPOSITION: 


SOA  28A<^» 

SOA2M« 

SOA  30 

Test  Method 

To  every  100  gallons  of  alcohol  add: 

Gasoline,  gallons 

1 

— 

— 

Ethyl  Acetate,  gallons 

1 

— 

Methyl  Alcohol,  gallons 

— 

— 

10 

Ethyl  Ether,  gallons 

— 

- 

- 

— 

FORMULATION: 

Anhydrous 

190° 

Anhydrous 

190° 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

SPECIFICATIONS: 

Specific  gravity  @ 15.56°C/15  56“C  (60°F/60°F) 

0 7923  0.7933 

0.8160  0.8172 

0.7944  0.7954 

0.8132  0.8146 

ASTM  D-891 

@ 20°C/20^C 

0.7891  0.7901 

0.8128  0.8140 

0.7912  0.7922 

0.8101  0.8115 

@25“C/25‘C 

0.7857  0.7867 

0.8094  0.8105 

0.7879  0.7889 

0.8066  0.8080 

Acidity.  wt/wt%  as  acetic  acid 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

ASTM  D-1613 

Non-volatile  matter,  grams/ 100  ml 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

ASTM  D-1353 

Color,  Pt-Co 

— 10 

~ 10 

— 10 

— 10 

ASTM  D-1209 

Water  content,  vol/vol  % 

— 0.20 

— — 

— 0,10 

— — 

ASTM  D-1364 

Odor 

Typical 

Typical 

TypicaF 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  Proof  at  60T 
Composition  wt/wt% 

>200 

189.6 

199.5 

191.0 

I.R.S.  Gauging  Manual 

Ethyl  Alcohol 

99.13 

91.41 

98.87 

84.21 

Gasoline 

0.87 

— 

— 

— 

Ethyl  Acetate 

— 

1.10 

1.13 

— 

Methyl  Alcohol 

— 

— 

— 

8.89 

Ethyl  Ether 

— 

— 

— 

— 

Water 

Coefficient  of  expansion 

— 

749 

— 

690 

1 

Per  VC 

0.0011 

0.0010 

0.0011 

0,0010  1 

Per  IT 
Flash  point 

0.0006 

0.0006 

0.0006 

0 0006 

Tag  closed  cup 

ASTM  D-56 

7 

17 

15 

16 

F“ 

Tag  open  cup 

45 

62 

69 

60 

ASTM  D-1310 

C^ 

10 

16 

21 

18 

F" 

50 

60 

69 

65 

Pounds  per  gallon  @ 60T.  per  27  CFR  212.115 

6603 

OBOI""* 

6 621'^’ 

6,785 

Shipping  containers 
Tank  cars 

/ 

y 

Tank  trucks 

J 

y 

Drums 

J 

J 

y 

Pails 

J 

J 

y 

Comments: 

1 This  SOA  typicaHy  suppled  oniy  in  the  anhydrous  formulation. 

2 This  fomujiation,  typicaHy  used  for  vinegar  manuf^rture,  is  but  one  of  many  which  is  of  commercial  importance.  Other  denaturants  may  be  approved  by  the  ATF  diredor. 
provided  the  propo^  denaturant  be  not  less  than  6 8 pourtds  of  solid,  or  1 gallon  of  liquid  to  100  gallons  alcohol.  This  forrrHila  is  restricted  to  processes  in  which  the  alcohol 
loses  its  identity  by  being  converted  to  other  chemicals. 

3 SDA  31  A,  prepared  by  the  addrtion  of  100  pounds  of  glycerol,  U.S.P  and  20  pounds  of  hard  soap,  N F to  100  gallons  alcohol  is  an  ATF  authorized  formulation.  Because 
of  very  limited  use  it  is  not  discussed  in  this  book 

4 SOA  33.  prepared  by  the  addrtion  of  30  pounds  of  methyl  violet  or  methyl  violet  U S.P  to  100  gallons  alcohol  ts  an  ATF  authonzed  formulation.  Because  of  very  kmited 
use  it  is  not  discussed  in  this  book. 

5.  SDA  35,  prepared  by  the  addition  w 29  75  gallons  of  ethyl  acetate  having  an  ester  content  of  100  percent  by  weight  or  the  equivalent  thereof  not  to  exceed  35  gallons  of  ethyl 
acetate  with  an  ester  content  of  not  less  than  85  percent  by  weight  to  100  gallons  alcohol  is  an  ATF  authorized  formulation  Because  of  very  kmited  use  it  is  not  discussed 
within  this  book 
6 Determined  by  U.S.I. 
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Table  6.37:  (continued) 


AUTHOMZEO  COMPOSmON: 


SDA  30 

SDA  32 

SDA  35A 

Test  Method 

To  every  100  gallons  of  alcohol  add: 

Gasoline,  gallons 

— 

- 

- 

- 

Ethyl  Acetate,  gallons 

10 

- 

- 

4 25 

Methyl  Aloohol,  gallons 

- 

_ 

- 

_ 

Ethyl  Ether,  gallons 

— 

- 

- 

FORMULATION: 

Anhydrous 

190° 

Anhydrous 

190° 

Anhydrous 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

SPECIFICATIONS: 

Specific  gravity  @ 15.56°C/15.56"C  (60T/60T) 

07934  0.7944 

0.8122  0.8134 

0.7911  0.7921 

0.8185  0.8196 

0.7974  0.7989 

ASTM  D-891 

@20“C/20"C 

0.7902  0.7912 

08091  0.8103 

0 7879  0.7889 

0.8153  0.8164 

0.7942  0.7957 

@25“C/25“C 

0 7868  0 7879 

0.8056  0.8068 

0 7845  0.7855 

0.8119  0.8130 

0.7909  0.7923 

Acidity,  wt  wf^^o  as  acetic  acid 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

ASTM  D-1613 

Non-volatile  matter,  grams/ 100  ml 

~ 00025 

— 0.0025 

— 0.0025 

— 0.0025 

— 0.0025 

ASTM  D-1353 

Color.  R-Co 

— 10 

— 10 

— 10 

— 10 

— 10 

ASTM  D-1209 

Water  content,  vol/vol  % 

— 0.20 

— — 

— 0.20 

— — 

— 0.10 

ASTM  D-1364 

Odor 

Typical 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  Proof  at  60°F 
Composition  wt/wt% 

1999 

191.5 

>200 

188.3 

198.2 

I.R  S.  Gauging  Manual 

Ethyl  Alcohol 
Gasoline 

90  88 

88.59 

95.73 

88.26 

95  38 

Ethyl  Acetate 
Methyl  Alcohol 
Ethyl  Ether 

9 12 

4.13 

4.24 

4 50 

4 62 

Water 

Coefficient  of  expansion 

7.28 

0.03 

724 

Per  rC 

0 0011 

0.001 1 

0.0011 

0 0011 

0.0011 

Per  1 

Flash  point 

00006 

0.0006 

0.0006 

0.0006 

0.0006 

Tag  closed  cup 

ASTM  D-56 

& 

13 

-4 

-9 

14 

10 

F“ 

Tag  open  cup 

53 

25 

15 

58 

50 

ASTM  D-1310 

13 

-4 

•-9 

21 

17 

F“^ 

55 

25 

15 

70 

62 

Pounds  per  gallon  @60T  per  27  CFR  212.1 15 

6.617 

6.769 

6.593 

6.826 

6.649 

Shipping  containers 
Tank  cars 

n/' 

Tank  trucks 

Drums 

Pails 

y 

1 i 

Comments: 

1 . This  SDA  typcally  suppled  only  in  th©  anhydfous  fcxmuiation, 

2 This  formulation,  typically  used  for  vinegar  manufacture,  is  but  one  of  many  which  is  of  commercial  importance.  Other  denaturants  may  be  approved  by  the  ATF  (Erector, 
provided  the  proposed  denaturant  be  not  less  than  6.6  pounds  of  solid,  or  1 gallon  of  liquid  to  100  gallons  alcohol.  This  formula  is  resthcted  to  processes  in  which  the  alcohol 
loses  Its  identity  by  being  converted  to  other  chemicals 

3.  SDA  31  A.  prepared  by  the  addition  of  100  pounds  of  glycerol,  U.S.P.  and  20  pounds  of  hard  soap.  N F,  to  100  gallons  alcohol  is  an  ATF  authorized  formulabon.  Because 
of  very  brrvted  use  it  is  not  discussed  in  this  book. 

4.  SDA  33.  prepared  by  the  addition  of  30  pounds  of  methyl  violet  or  methyl  violet  U.S.P  to  100  gallons  alcohol  is  an  ATF  authonzed  formulation.  Because  of  very  Umited 
use  it  is  not  dscussed  in  this  book. 

5.  SDA  35,  prepared  by  the  additioo  of  29.75  gallons  of  ethyl  acetate  having  an  ester  content  of  1 00  percent  by  weight  or  the  equivalent  thereof  not  to  exceed  35  gallons  of  ethyl 
acetate  with  an  ester  content  of  not  less  than  65  percent  by  weight  to  100  gallons  alcohol  is  an  ATF  authorized  formulation  Because  of  very  limited  use  it  is  not  (tscussed 
within  this  book. 

6 Determined  by  U.S.I.  (continued) 
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Table  6.37:  (continued) 


AUTHORIZED  COMPOSITION: 


S0A36  ’ 

SDA  37'” 

TYPICAL  SDA  38B 

Test  Method 

To  every  100  gallons  of  alcohol  add: 

Amrrx)nia,  acueous,  27  to  30  percent  by 
weight,  gallons 

3 

_ 

Eucalyptoi,  U.S.P.,  fluid  ounces 

— 

45 

Thymol  N.F.  avdp.  ounce 

— 

30 

Denaturant  10  lbs. 

Menthol,  U.S.P.,  avdp.  ounce 

— 

20 

Formaldehyde  Elution,  U.S.P,  gallons 
Boric  Acid,'*’  U.S.P.,  pounds 

— 

— 

— 

— 

Chlorothymol,  N.F.,  pounds 

— 

— 

FORMULATION: 

190" 

190" 

190"  200" 

Minimum  Maximum 

Minimum  Maximum 

SPECIFICATIONS: 

Specific  gravity  1 5.56"C/15.56'’C  (60°F  60“F) 

0.8189  0.8209 

0.8162  0.8174 

ASTM  D-891 

@ 20°C/20°C 

0,8157  0.8177 

0.8130  0.8142 

See  Table  6.37 

@25X/25"C 

0.8123  0.8143 

0.8097  0.8108 

Acidity,  wt/wl%  as  acetic  acid 

Alkaline 

— 0.0030 

ASTM  D-1613 

Non-volatile  matter,  grams/ 100  ml 

— 0.0025 

N/A 

ASTM  D-1353 

Color,  Pt-Co 

— 10 

~ 20 

ASTM  D-1209 

Water  content,  vol/vol  % 

— — 

— — 

ASTM  D’1364 

Odor 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES; 

Apparent  prcx)f  at  60T 
Composition,  wt/wt% 

187,9 

189  5 

189,4  199.3 

LR.S.  Gauging  Manual 

Ethyl  Alcohol 

89.46 

91  64 

91,08  98  51 

Ammonia 

Eucalyptoi 

0.91 

0.40 

Thymol 

0 27 

Menthol 

Formaldehyde 

0.18 

Boric  Acid 



Chlorothymol 

— 

Denaturant  1 ,45  1,49 

Water 

Coefficient  of  expansion 

963 

7.51 

7.47 

Per  1 °C 

0,0011 

0 0010 

0.0010  0,0010  ■ 

Per  1 T 
Flash  point 

0.0006 

0 0006 

0,0006  0.0006 

Tag  closed  cup 

15 

13 

ASTM  D-56 

F° 

Tag  open  cup 

59 

55 

ASTM  D-1310 

C^ 

20 

21 

F" 

68 

70 

Pounds  per  gallon  @ 60T^.  per  27  CFR  212.1 15 

6.837 

6,794 

6,804  6,622 

Shaping  containers 
Tank  cars 

j 

J 

v'' 

Tank  trucks 

J 

y 

Drums 

\1 

y & \ 

Pails 

J 

y&\ 

Comments: 


1 This  SOA  typically  supplied  only  in  the  190°  proof  formulation 

2,  Alternate  dertaturants  include;  3 gallons  of  strong  ammonia  solution,  U.S.P.;  17.5  pounds  of  caustic  soda,  liquid  grade,  containing  50  percent  sodium  hydroxide  by  weight;  or 
12  0 pounds  of  caustic  soda,  liquid  grade  containing  73  percent  sodium  hydroxide  by  weight  to  100  gallons  alcohol. 

3,  27  CFR  212.51  also  authorizes  the  use  of  7 pounds  of  boric  acid  U.S.P.  and  a total  of  3 pounds  of  any  two  or  more  denaturing  materials  listed  under  Formula  No.  38-B. 

4,  The  use  of  Polysorbate  * 80  is  an  authorized  replacement  for  boric  acid. 
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AUTHORIZED  COMPOSITION: 


SDA38C" 

SOA  38D<  > 

SDA38F 

Teal  Method 

To  ©very  100  gallons  of  alcohol  add: 

Ammonia,  aqueous,  27  to  30  percent  by 

weight,  gallons 

— 

— 

— 

Eucalyptol,  U.S.P,,  fluid  ounces 

— 

— 

— 

Thymol  N.F.  avdp.  ounce 

— 

— 

lV3lbs 

Menthol,  U.S.P. , avdp.  ounce 

10  lbs 

2.5  lbs 

1 V3  lbs 

Formaldehyde  Elution,  U.S  R,  gallons 

1-25 

2.5 

— 

Boric  Acid,'^’  U.S.P.,  pounds 

— 

6 

Chlorothymol,  N.F.,  pounds 

— 

1V3 

FORMULATION: 

190 

190° 

190° 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

SPECIFICATIONS: 

Specific  gravity  @ 1 5.56  C/ 1 5 56^C  (60  F'60  ’F) 

0 8202  0 8217 

08231  0.8252 

0.8194  0.8206 

ASTM  D-891 

@20  C/20^’C 

08170  08185 

0.8200  0.8221 

0,8162  0.8174 

@ 25^^0/25^ 

0.8136  0.8151 

0.8165  0.8187 

0.8127  0.8140 

Acidity,  wt/wTo  as  acetic  acid 

— 0.005 

— 0.005 

N/A 

ASTM  D-1613 

Non-volatile  matter,  grams/ 100  ml 

N/A 

N/A 

N/A 

ASTM  D<1353 

Color,  Pt-Co 

— 10 

— 10 

— 10 

ASTM  D-1209 

Water  content,  vol/vol  % 

— — 

— — 

— — 

ASTM  D-1364 

Odor 

Typical 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  proof  at  601^ 
Composition,  wt/wt% 

1873 

89.60 

185.5 

89.11 

187.8 

I.R-S.  Gauging  Manual 

Ethyl  Alcohol 
Ammonia 

91.09 

Eucalyptol 

Thymol 

1 43 

0.35 

0.19 

Menthol 

0 60 

1.20 

Formaldehyde 
Bone  Acid 

0,19  Methanol 

0.39  Methanol 

0.87 

Chlorothymol 

8.18 

8.95 

0.19 

Water 

Coefficient  of  expansion 

7.47 

0,0010 

Per  1 ^C 

0.0010 

0.0010 

Per  1 T 
Flash  point 
Tag  closed  cup 

0.0006 

17 

0.0006 

0.0006 

ASTM  D-56 

17 

16 

F" 

Tag  open  cup 

62 

19 

63 

61 

ASTM  D-1310 

22 

19 

67 

71 

66 

Pounds  per  gallon  @ 60'P,  per  27  CFR  212  115 

6.832 

6.863 

6.828 

Shaping  containers 
Tank  cars 

No 

y 

y : 

'j 

Tank  trucks 

No 

Drums 

X 

y 

y & ^{depending  on  denaturants) 

Pails 

y & X(d®pehdlng  on  denaturants) 

\=  resin  lined  containers 


1 . This  SDA  typically  supplied  only  in  the  1 90'’  proof  formulation 

2.  Ahernate  denaturanls  indude:  3 gallons  of  strong  ammonia  solution.  U.S.P.;  1 7.5  pounds  of  caustic  soda,  liquid  grade,  containing  50  percent  sodium  hydroxide  by  weight;  or 
12.0  pourxjs  of  caustic  soda,  liquid  grade  containing  73  percent  sodium  hydroxide  by  weight  to  100  gallons  alcohol. 

3.  27  CFR  212.51  also  authorizes  the  use  of  7 pounds  of  twric  acid  U.S.P.  and  a total  of  3 pounds  of  any  two  or  more  denaturing  materials  listed  under  Formula  No.  38-B. 

4.  The  use  of  Polysorbate*  80  is  an  authorized  replacement  for  boric  acid. 
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Table  6.37:  (continued) 


Ccynmenfs; 


AUTHORIZED  COMPOSITION; 

SOA  39B 

SDA39C 

SDA  40-1 

Test  Method 

To  every  100  gallons  of  alcohol  add: 

Diethyl  Phthalate,  gallons 

2.5 

1 

- 

- 

tert-Butyl  Alcohol,  gallons 

’/k 

— 

Vs 

Brucine  Alkaloid,  avdp  ounces 

- 

- 

_ 

_ 

1V2 

Brucine  Sulfate  N.F.  IX,  avdp  ozs. 

_ 

_ 

_ 

_ 

_ 

_ 

Sucrose  Octaacetate,  pounds 
Denatonium  Benzoate.  N.F., 

- 

- 

- 

- 

- 

- 

avdp  ounces 

- 

- 

- 

- 

- 

- 

FORMULATION: 

190“ 

Anhydrous 

190° 

Anhydrous 

190“ 

Anhydrous 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

SPECIFICATIONS: 

Specific  gravity 

@ 15  56°C/15  56“C(60T/60T) 

0.8228  08238 

08028  0.8038 

0.8182  0.8192 

0.7964  0.7979 

0.8150  0.8164 

0.7934  0.7944 

ASTM  D-891 

@20“C/20“C 

0.8196  0.8207 

0.7997  0.8007 

0.8149  08161 

0.7932  0.7948 

0.8122  0.8132 

0,7902  0.7912 

@25"C  25"C 

0.8162  0.8172 

0.7963  0.7972 

0.8155  0.8126 

0.7899  0.7914 

0.8088  0,8098 

0.7868  0.7879 

Acidity,  wt  wt%  as  acetic  acid 

— 0.0050 

— 0.0050 

— 0.0050 

- 0.0050 

— 0.0025 

— 0.0025 

ASTM  D-1613 

Non-volatile  matter,  grams/ 100  ml 

N/A 

N/A 

N/A 

N/A 

— 0.020 

~ 0.020 

ASTM  D-1353 

Color.  Pt-Co 

— 20 

— 20 

— 10 

— 10 

— 10 

— 10 

ASTM  D-1209 

Water  content,  vol/vol  % 

— — 

— 0.10 

— — 

— 0.10 

— — 

— 0.10 

ASTM  D-1364 

Odor 

Typfcal 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  Proof  at  60°F 

Composition  wt/wt% 

186.0 

196.0 

188.5 

198.6 

190.0 

199.9 

I.R.S.  Gauging 
Manual 

Ethyl  Alcohol 

89.25 

96.47 

91.17 

98.61 

92.30 

99.87 

Diethyl  Phthalate 

332 

3.41 

1 36 

1.39 

— 

— 

ten-Butyl  Alcohol 

0.12 

0 12 

— 

— 

0,12 

0.12 

Brucine  Alkaloid 

— 

— 

— 

— 

0.014 

0.014 

Brucine  Sulfate 

— 

— 

— 

— 

— 

— 

Sucrose  Octaacetate 

— 

— 

— 

— 

— 

— 

Denatonium  Benzoate 

— 

— 

— 

— 

— 

— 

Water 

Coefficient  of  expansion 

7.31 

— 

7.47 

— 

7.57 

— 

Per  rc 

0.0010 

0.0011 

0.0010 

0.0011 

0.0010 

0.0011 

Per  TF 
Flash  point 

0.0006 

0.0006 

0.0006 

0.0006 

0.0006 

0,0006 

Tag  closed  cup 

ASTM  D-56 

C“ 

14 

13 

16 

13 

16 

13 

F" 

Tag  open  cup 

58 

55 

60 

55 

61 

56 

ASTM  D-1310 

C^ 

18 

16 

18 

16 

18 

16 

F“ 

65 

60 

65 

60 

65 

60 

Pounds  per  gallon 
@60T,  per  27  CFR  212,115 
Shipping  containers 

6857 

6.677 

6.819 

6.642 

6.795 

6.611 

Tank  cars 

y 

J 

Tank  trucks 

j 

J 

Drums 

y.-' 

j 

J 

Pails 

j 

J 

1.  SDA  39,  prepared  by  the  addition  of  9 pounds  of  sodium  saiicylate  w salicylic  acid  U.S.P..  1 .25  gallons  fluid  extract  of  quassia,  N.F.  VII  and  Vb  gallon  of 
tert‘butyl  alcohol  to  every  100  gallons  alcohol,  is  an  ATF  authorized  formulation.  Because  of  very  limited  use  it  is  not  discussed  in  this  book. 

2.  SDA  39A,  prepared  by  the  addition  of  60  avdp.  ounces  of  any  of  the  following  alkaloids  or  salts  together  with  gallon  of  tert-butyl  alcohol:  quinine  N.F.. 
quinine  bisulfate  N.F.,  quinine  hyriochloride.  U.S.P.  dnchonidine.  dnchonidine  sulfate,  N.F,  IX  to  every  100  gallons  alcohol,  is  an  ATF  authorized 
formulation.  Because  of  very  limited  use  it  Is  not  discussed  in  this  book. 

3.  SDA  390,  prepared  by  the  addition  of  one  gallon  bay  oil  N.F.  and  either  50  avdp  ounces  of  quinine  sulfate,  U.S.P,  50  avdp  ounces  of  quinine  bisulfate, 
N.F.,  or  200  avdp.  ounces  sodium  saHcylate,  U.S.P  to  every  100  gallons  alcohol,  is  an  ATF  authorized  formulation.  Because  of  very  limited  use  It  is  not 
discussed  in  this  book. 

4.  Determined  by  U.S.I. 

5.  This  formula  shall  be  used  only  In  the  manalatiture  of  products  which  will  be  packaged  in  pressurized  containers  in  which  the  Nquid  contents  are  in  intimate 
contact  with  the  propellant  and  from  which  the  contents  are  not  easily  removable  in  liquid  form. 
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Table  6.37;  (continued) 


AUTHORIZED  COMPOSITION: 

SDA  40-2 

SDA  40A 

SDA  40B 

SDA  40C  '5' 

Test  Method 

To  every  100  gallons  of  alcohol  add: 

Diethyl  Phthaiate.  gallons 

_ 

_ 

_ 

_ 

_ 

_ 

terl'Butyl  Alcohol,  gallons 

/s 

Va 

Va 

Brucine  Alkaloid,  avdp  ounces 

Brucine  Sulfate  N.F.  IX,  avdp  ozs. 

1 1/5 

Sucrose  Octaacetate,  pounds 

Denatonium  Benzoate,  N.F, 

avdp  ounces 

- 

- 

- 

* 

16 

- 

- 

FORMULATION: 

190 

Anhydrous 

190^ 

Anhydrous 

190^ 

Anhydrous 

190' 

Anhydrous 

Min,  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

Min.  Max. 

SPECIFICATIONS: 

Specific  gravity 

@ 15.56"C/15.56“q60°F/60°F) 

0.8154  0 8164 

0.7934  0 7944 

00158  0.8170 

0.7939  0 7949 

08152  0.0164 

0.7934  0.7944 

00148  0.0160 

0.7829  07939 

ASTM  D-091 

@ 20°C/20"C 

00122  00132 

0 7902  0 7912 

0.0126  0.8130 

0 7900  0 7910 

00120  08132 

0.7902  0 7912 

00116  08128 

0.7898  07908 

@ 25°C/25'’C 

00080  0.0090 

07068  0 7879 

00192  0.8104 

0.7874  0.7884 

00006  08098 

0 7868  0.7079 

00082  00094 

0.7864  0 7074 

Acidity,  wt/wT'/o  as  acetic  acid 

— 0,0050 

- 00050 

— 00025 

— 00025 

— 0.0025 

— 00025 

- 0.0025 

— 0.0025 

ASTM  D-1613 

Non-volatile  matter,  grams/ 100  ml 

— 0 020 

— 0020 

— 0.16 

— 0 16 

— 0.0025 

— 00025 

— 0.0025 

— 0.0025 

ASTM  D-1353 

Color,  Pt-Co 

— 10 

— 10 

— 10 

10 

10 

— 10 

10 

— 10 

ASTM  D-1209 

Water  content,  vol/vol  % 

— 

— 0 10 

— — 

— 0.10 

— _ 

— 0.10 

— — 

— 0.10 

ASTM  D-1364 

Odor 

Typical 

Typical 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  Proof  at  60 'f 

190  0 

199  9 

109  7 

199  7 

190  0 

199.9 

190  2 

200  1 

1 R.S  Gauging 

Manual 

Composition  wt  wt°o 

Ethyl  Alcohol 

92  30 

99  07 

92  10 

99  73 

92  31 

99.00 

89.84 

97,13 

Diethyl  Phthaiate 

— 

— 

— 

— 





terl-Butyl  Alcohol 

0 12 

0 12 

0.12 

0 12 

0 12 

0.12 

2 79 

2.07 

Brucine  Alkaloid 

— 









Brucine  Sulfate 

0 014 

0.014 









Sucrose  Octaacetate 

— 

— 

0 15 

0 15 









Denatonium  Benzoate 

— 

— 

00006 

0 0006 





Water 

7 57 

7.55 



7 57 



7,37 

Coefficient  of  expansion 

Per  rc 

0 0010 

00010 

0.001 1 

0 0011 

0.0010 

0.0011 

0 0010 

0.0011 

Per  1°F 

0 0006 

0 0006 

00006 

00006 

0.0006 

0.0006 

00006 

0 0006 

Flash  point 

Tag  closed  cup 

ASTM  D-56 

C^ 

16 

13 

16 

12 

17 

13 

16 

13 

F" 

61 

56 

60 

53 

63 

56 

61 

55 

Tag  open  cup 

ASTM  D-1310 

& 

10 

16 

10 

17 

18 

16 

10 

16 

F° 

65 

60 

65 

62 

65 

60 

65 

60 

Pounds  per  gallon 

@60"F.  per  27CFR  212.115 

6 795'^ 

6 61  r-" 

6 798 

6 613 

6 794 

6 610 

6 788 

6.609 

Shipping  containers 

Tank  cars 

V 

Tank  trucks 

Drums 

Pails 

Comments: 

1.  SDA  39,  prepared  by  the  addition  of  9 pourxfs  of  sodium  salicylate  or  salicylic  acid  U.S.P.,  1.25  gallons  fluid  extract  of  quassia,  N.F.  VII  and  gallon  of 
teit  butyl  alcohol  to  every  100  gallons  alcohol,  is  an  ATF  authorized  formulation.  Because  of  very  linvted  use  it  is  rxit  discussed  in  this  book. 

2.  SDA  39A,  prepared  by  the  addition  of  60  avdp.  ounces  of  any  of  the  following  alkaloids  or  satts  together  with  gallon  of  tert-butyl  alcohol:  quinine  N.F., 
quimne  bisulfaie  N.F.,  quinine  hydrochloride.  U.S.P.  dnchonxline,  cinchondine  sdfate,  N.F.  IX  to  every  100  gallons  alcohol,  is  an  ATF  authorized 
formulation.  Because  of  very  limited  use  it  is  not  discussed  in  this  book. 

3.  SDA  39D,  prepared  by  the  addition  of  one  gallon  bay  oil  N.F.  and  either  50  avdp  ounces  of  quinine  sulfate,  U.S.P,  50  avdp  ounces  of  quinine  bisulfate, 

N.F , or  200  avdp.  ounces  sodium  salicylate,  U S.P.  to  every  100  gallons  alcohol,  is  an  ATF  autlwized  formulation.  Because  of  very  limited  use  it  is  not 
discussed  in  this  book. 

4.  Determined  by  U.S.I. 

5.  This  formula  shall  be  used  only  in  the  manufacture  of  products  which  will  be  packaged  in  pressurized  containers  in  which  the  liquid  contents  are  in  intimate  ( COntl  n U6Ci ) 

contact  with  the  propellant  and  from  which  the  contents  are  not  easily  removable  in  liquid  form. 
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Table  6.37:  (continued) 


AUTHORIZEO  COHPOSmON: 


SDA45 

SDA46<«> 

TMilMhod 

To  every  100  gallons  of  alcohol  add; 

Refined  Shellac,  pounds 

300 

— 

Phenol.  U.S.P.  fl.  ounces 

— 

- 

25 

Methyl  SaHcyfate,  U.S.P.,  fl.  ounces 

- 

- 

FORMULATION: 

190“ 

Anhydrous 

190“ 

Anhydrous 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

Minimum  Maximum 

SPEaFICATIONS: 

Specific  gravity  @ 15.56^/1 5.56°C  (60T/60T) 

0.9036  0.9071 

0.8868  0.8905 

0.8166  0.8178 

0.7946  0.7954 

ASTM  D-891 

@20"C/20^ 

0.9006  0.9043 

0.8838  0.8875 

0.8134  0.8146 

0.7915  0.7925 

@ 25°CI25°C 

0.8977  0.9012 

0.8806  0.8844 

0.8100  0.8112 

0.7882  0.7892 

Acidity  as  acetic  acid 

N/A 

N/A 

— 0.02 

— 0.02 

ASTMD-1613 

Non-volatile  matter,  grams/ 100  ml 

N/A 

N/A 

N/A 

N/A 

ASTMD-1353 

Color,  Pt-Co 

N/A 

N/A 

— 10 

— 10 

ASTM  D-1209 

Water  content,  vol/vol  % 

N/A 

N/A 

— — 

— 0.10 

ASTMD-1364 

Odor 

Typical 

Typical 

Organoleptic 

TYPICAL  PROPERTIES: 

Apparent  Proof  at  60°F 

127.0 

141.0 

189.3 

199.4 

i.R.S.  Gauging  Manual 

Composition,  wt/wt  % 

Ethyl  Alcohol 

64.11 

68.78 

92.18 

99.73 

Shellac 

30,63 

31.22 

— 

Phenol 

— 

0.23 

0.23 

Methyl  Salicylate 

— 

0.04 

0.04 

Water 

5.26 

— 

7.55 



Coefficient  of  expansion 

Per  1"C 

0.0009 

0.0009 

0.0011 

0.0010 

Per  1“F 

0.0005 

0.0005 

0.0006 

0.0006 

Flash  point 

Tag  dosed  cup 

ASTM  D-56 

C“ 

17 

12 

F" 

63 

54 

Tag  open  cup  | 

ASTM  D-1310 

C“ 

21 

18 

21 

16 

F"  ! 

70 

65 

70 

60 

Pounds  per  gallon  @ 60T.  per  27  CFR  212.115 

7.545 

7.403 

6.805 

6.621 

Shipping  containers 

Tank  cars 

No 

No 

Tank  trucks 

No 

No 

Drums 

50  gallon  open  load  drums 

> 

Pails 

No 

> 

Comments.' 

1.  SOA  42,  prepared  by  addition  of  (1)  80  grams  of  potassium  iodide,  U.S.P.  and  109  grams  of  red  mercuric  kxSde,  N.F.; 
(2)  95  grams  thimerosal,  N.F.;  or  (3)  76  grams  of  any  of  ttie  following:  phenyl  mercuric  nitrate,  N.F.;  phenyt  mercuric 
chloride,  N.F.  IX  or  phenyl  mercuric  benzoate,  to  every  100  gallons  alcohol  is  an  ATF  authorized  formulation.  Because 
of  very  imited  use  It  is  not  discussed  in  this  book. 

2.  SOA  44,  prepared  by  the  addition  of  10  gallons  of  n-butyl  alcohol  is  an  ATF  aulhonzed  formulation.  Because  of  very 
limited  use  it  is  not  discussed  in  this  book.  Specific  information  may  be  obtained  by  contacting  any  U.S.I.  sales  office. 

3.  This  formula  may  be  used  only  by  institutions  and  organizations  which  are  of  a semipubbc  character  and  engaged  in 
charitafafe  worlc 

4.  This  formula  may  be  used  only  by  organizations  or  institutior^  whidi  are  of  a semipublic  character  mvi  engaged  In 
charitable  work. 
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Table  6.38:  Authorized  Denaturants  for  SDA  38B  (30) 


The  properties  of  SDA  38B  are  as  diverse  as  are  the  denaturants  used  in  this 
formula  and  the  products  formulated  with  it. 

The  authorized  composition  of  SDA  38B  requires  that  10  pounds  of  any  one,  or 
a total  of  10  pounds  of  two  or  more,  of  the  oils  and  substances  listed  below  are 
to  be  added  to  100  gallons  of  alcohol.  The  authorized  denaturants  include: 

Anethole,  U.S.P. 

Anise  oil,  U.S.P. 

Bay  oil  (myrcia  oil),  N.F. 

Benzaldehyde,  N.F. 

Bergamot  oil,  N.F. 

Bitter  Almond  oil,  N.F. 

Camphor,  U.S.P. 

Cedar  leaf  oil,  U.S.P.  XIII 
Chlorothymol,  N.F. 

Cinnamic  Aldehyde,  N.F.  IX 
Cinnamon  oil  (Cassia  oil),  U.S.P. 

Citronella  oil.  Natural 
Clove  oil,  U.S.P. 

Coal  tar,  U.S.P. 

Eucalyptol,  U.S.P. 

Eucalyptus  oil,  N.F. 

Eugenol,  U.S.P. 

Guaiacol,  N.F. 

Lavender  oil,  N.F. 

Menthol,  U.S.P. 

Mustard  oil,  volatile  (allyl  isothiocyanate)  U.S.P. 

Peppermint  oil,  U.S.P. 

Phenol,  U.S.P. 

Phenyl  salicylate  (Salol),  N.F. 

Pine  oil,  N.F. 

Pine  needle  oil,  dwarf,  N.F. 

Rosemary  oil,  N.F. 

Spearmint  oil,  N.F. 

Spearmint  oil,  terpeneless 
Spike  lavender  oil,  natural 
Storax,  U.S.P. 

Thyme  oil,  N.F. 

Thymol,  N.F. 

Tolu  balsam,  U.S.P. 

Turpentine  oil,  N.F. 

Wintergreen  oil  (methyl  salicylate)  U.S.P. 

Because  of  the  virtually  infinite  number  of  authorized  denaturants  and  de- 
naturant  combinations,  only  a typical  set  of  properties  for  SDA  38B  have  been 
listed 
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Table  6.39:  Denaturants  Authorized  for  Completely  Denatured  Alcohol  (CDA)  and  Specially  Denatured 
Alcohol  (SDA)  (30) 


DENATURANT 

USED  IN 

DENATURANT 

USED  IN 

Acetaldehyde 

S.D.A.  29 

Methyl  isobutyl  ketone  C.D.A. 

18;  19;  S.D.A.  1;  S.D.A.  23-H 

Acetone  N.F. 

S.D.A.  23A;23-H 

Methyl  normal-butyl  ketone 

C.D.A.  18;  19;  S.D.A.  1 

Acetaldol 

C.D.A.  18 

Methyl  violet  (methyirosaniline  chloride) 

S.D.A.  33 

Almond  oil,  bitter  N.F. 

S.D.A.  38-B 

Methyl  violet  {methyirosaniline  chloride)  U.S.P.  S.D.A.  33 

Ammonia,  aqueous 

S.D.A.  36 

Mustard  oil,  volatile  (allyl  isothiocyanate)  U.S.P.  XII  S.D.A.  38-B 

Anethole  U.S.P. 

S.D.A.  38-B 

Anise  oil  U.S.P. 

S.D.A.  38-B 

Nicotine  solution 

S.D.A.  4 

Bay  oil  (myrcia  oil)  N.F. 

S.D.A.  23-F;  38-B;  39-D 

Peppermint  oil  U.S.P. 

S.D.A.  38-B 

Benzaldehyde  N.F. 

S.D.A.  38-B 

Phenol  U.S.P 

S.D.A.  38-B;  46 

Benzene 

S.D.A.  2-B;2-C;  12-A 

Phenyl  mercuric  benzoate 

S.D.A.  42 

Bergamot  oil  N.F. 

S.D.A. 23-F;  38-B 

Phenyl  mercuric  chloride  N.F.  IX 

S D A 42 

Bone  oil  (Dipple's  oil) 

S.D.A.  17 

Phenyl  mercuric  nitrate  N.F. 

S.D.A.  42 

Boric  acid  U.S.P. 

S.D.A.  38-F 

Phenyl  salicylate  (salol)  N.F 

S.D.A.  38-B 

Brucine  alkaloid 

S.D.A.  40 

Pine  needle  oil,  dwarf  N.F 

S.D.A.  38-B 

Brucine  sulfate  N.F.  IX 

S.D.A.  40 

Pine  oil  N.F. 

S.D.A.  38-B 

n-Butyl  alcohol 

S.D.A.  44 

Pine  tar  N.F. 

S.D.A.  3-B 

tert-Butyl  alcohol  S.D.A.  39,  39-A:  39-B;  40;  40-A;  40-B;  40-C 

Polysorbate  80  U.S.P. 

S.D.A.  38-F 

Potassium  iodide  U.S.P. 

S.D.A.  25;  25-A;  42 

Camphor  U.S.P. 

S.D.A.  27;  27-A;  38-B 

Pyridine  bases 

S.D.A.  6-B 

Caustic  soda,  liquid 

S.D.A.  36 

Pyronate 

C.D.A.  18 

Cedar  leaf  oil  U.S.P.  XIII 

S.D.A.  38-B 

Chloroform 

S.D.A.  20 

Quassia,  fluid  extract  of  N.F.  VII 

S.D.A.  39 

Chlorothymol  N.F. 

S.D.A.  38-B;  38-F 

Quassin 

S.D.A.  40 

Cinchonidine 

S.D.A.  39-A 

Quinine  N.F. 

S.D.A.  39-A 

Cinchonidine  sulfate  N.F.  IX 

S.D.A.  39-A 

Quinine  bisulfate  N.F 

S.D.A.  39-A;  39-D 

Cinnamic  aldehyde  (cinnamaldehyde)  N.F.  IX  S.D.A.  38-B 

Quinine  hydrochloride  U.S.P. 

S.D.A.  39-A 

Cinnamon  oil  (cassia  oil)  U.S.P. 

S.D.A.  38-B 

Quinine  sulfate  U.S.P. 

S.D.A.  39-D 

Citronella  oil,  natural 

S.D.A.  38-B 

Clove  oil  U.S.P. 

S.D.A.  27-A;  38-B 

Resorcin  U.S.P. 

S.D.A.  23-F 

Coal  tar  U.S.P. 

S.D.A.  38-B 

Rosemary  oil  N.F. 

S.D.A.  27;  38-B 

Rubber  hydrocarbon  solvent 

S.D.A.  2-B;  2-C 

Denatonium  benzoate  N.F.  (Bitrex) 

S.D.A.  1;40-B 

Diethyl  phthalate 

S.D.A.  39-B;  39-C 

Salicylic  acid  U.S.P. 

S.D.A.  23-F;  39 

Shellac  (refined) 

S.D.A.  45 

Ethyl  acetate 

S.D.A.  29;  35;  35-A 

Soap,  hard  N.F 

S.D.A.  31-A 

Ethyl  ether 

S.D.A.  13-A;  19;  32 

Soap,  medicinal  soft  U.S.P. 

S.D.A.  27-B 

Eucalyptol  U.S.P. 

S.D.A.  37;  38-B 

Sodium  iodide  U.S.P. 

S.D.A.  25;  25-A 

Eucalyptus  oil  N.F. 

S.D.A.  38-B 

Sodium,  metallic 

S.D.A.  2-C 

Eugenol  U.S.P. 

S.D.A.  38-B 

Sodium  salicylate  U.S.P. 

S.D.A.  39;  39-D 

Spearmint  oil  N.F 

S.D.A.  38-B 

Formaldehyde  solution  U.S.P. 

S.D.A.  22;38-C;38-D 

Spearmint  oil,  terpeneless 

S.D.A.  38-B 

Spike  lavender  oil,  natural 

S.D.A.  38-B 

Gasoline 

C.D.A  18;  19;  20;  S.D.A.  28-A 

Storax  U.S.P, 

S.D.A  38-B 

Glycerol  U.S.P. 

S.D.A.  31-A 

Sucrose  octa-acetate 

S.D.A.  40-A 

Guaiacol  N.F. 

S.D.A.  38-B 

Thimerosal,  N.F 

S.D.A.  42 

Iodine  U.S.P. 

S.D.A.  25;25-A 

Thyme  oil  N.F. 

S.D.A.  38-B 

Thymol  N.F 

S.D.A.  37;  38-B;  38-F 

Kerosene 

C.D.A.  18;  19;  20 

Tolu  balsam  U.S.P. 

S.D.A.  38-B 

Toluene 

S.D.A.  2-B;  2-C;  12-A 

Lavender  oil  U.S.P. 

S.D.A.  27-B;  38-B 

Turpentine  oil  N.F. 

S.D.A.  38-B 

Menthol  U.S.P. 

S.D.A.  37;  38-B;  38-C;  38-D;  38-F 

Vinegar 

S.D.A.  18 

Mercuric  iodide,  red  N.F 

S.D.A.  42 

Methyl  alcohol 

S.D.A.  3-A;  30 

Wintergreen  (Methyl  salicylate)  U.S.P. 

S.D.A.  38-B;  46 

Methylene  blue  N.F 

S.D.A.  4 

Primary  Denaturants  Authorized  for  Denatured  Spirits — Title  27  Code  of  Federal  Regulations  212.110 


Monohydric  Alcohols  279 


Table  6.40:  Uses  of  Specially  Denatured  Alcohol*  (30) 


PRODUCT  OR  PROCESS 


CODE  NO. 


FORMULAS  AUTHORIZED 


Acetaldehyde  551 

Acetic  acid 512 

Adhesives  and  binders 036 

Aldehydes,  miscellaneous  552 

Alkaloids  (processing) 344 

Animal  feed  supplement 910 

Antibiotics  (processing) 343 

Antifreeze,  propnetary 760 

Antiseptic,  bathing  solution  (restricted)  220 

Antiseptic  solutions,  U.S.P.  or  N.F.  244 


1, 2-B,  29 

1.2- B,  29,  35-A 

1.3- A,  12-A,  23-A,  30 
1,2-B,  29 

1.  2-B,  2-C.  3-A.  12-A,  13-A,  17,  23-A.  30,  32,  35-A 
35-A 

1,2-B,  3-A,  12-A.  13-A.  23-A,  30,  32.  35-A 
1 

46 

23-A,  37.  38-B.  38-F 


Bath  preparations 142 

Bay  rum 112 

Bioades,  miscellaneous 410 

Blood  and  blood  products  (processing)  345 

Brake  fluids 720 


1 , 3-A,  3-B,  23-A.  30.  36,  38-B,  39-B,  39-C,  40,  40-A,  40-B,  40-C 
23-A,  37,  38-B,  39.  39-B,  39-D,  40,  40-A.  40-B,  40-C 

1.3- A,  3-B,  23-A,  23-H,  27-A.  27-B,  30,  37,  38-B.  39B,  40,  40-A.  40-B,  40-C 

1.3- A.  12-A.  13-A,  23-A,  30 

1.3- A 


Candy  glazes  015 

Cellulose  coatings  011 

Cellulose  compounds  (dehydration) 311 

Cellulose  intermediates 034 

Chemicals  (miscellaneous)  579 

Cleaning  solutions 450 

Coatings,  miscellaneous 016 

Collodions,  industrial 034 

Collodions.  U.S.P  or  N.F. 241 

Colognes 122 

Crude  drugs  (processing) 341 

Cutting  oils  730 


13-A,  23-A.  35.  35-A,  45 
1 , 23-A,  30 

1.2- B.  3-A,  32 

1.3- A,  12-A,  13-A,  19.  23-A.  32 

1.2- B.  2-C,  3-A,  6-B,  12-A.  13-A,  17,  20,  29,  30.  32,  36 

1 . 3- A,  23-A.  23-H,  30,  36,  39-B,  40.  40A,  40-B,  40-C 
1 , 23-A 

1.3- A,  12-A.  13-A.  19.  23-A,  32 
13-A.  19,  32 

38-B,  39,  39-A.  39-B,  39-C,  40,  40-A,  40-B,  40-C 

1 . 2- B,  3-A,  23-A,  30 

1.3- A.  12-A 


Dehydration  products,  miscellaneous 315 

Dentifrices 131 

Deodorants  (body) 114 

Detergents,  household  450 

Detergents,  industrial  440 

Detonators 574 

Disinfectants 410 

Drugs  and  medicinal  chemicals 575 

Drugs,  miscellaneous  (processing) 349 

Duplicating  fluids  485 

Dyes  and  intermediates  540 

Dyes  and  intermediates  (processing) 351 

Dye  solutions,  miscellaneous 482 


1,  2-B,  3-A 

31 -A,  37,38-B.  38-C.38-D 

23-A.  38-B,  39-B,  39-C,  40.  40-A,  40-B.  40-C 

1 , 3-A,  23-A.  23-H.  30,  36,  39-B,  40,  40-A,  40-B.  40-C 

1 . 3- A,  23-A.  30 
1. 6-B 

1 . 3- A,  3-B,  23-A.  23-H,  27-A.  27-B,  30.  37,  38-B.  39-B,  40,  40-A,  40-B,  40-C 

1. 2- B,  2-C,  3-A,  6-B,  12-A.  13-A.  17,  29.  30.  32 

1 . 2- B,  3-A,  13-A,  23-A.  30.  35-A,  38-B 

1 . 3- A,  30 

1. 2-B,  2-C,  3-A,  12-A.  29.  36 
1 2-B  3-A  12-A 

1 ! 3-a!  23-A.  30.  39-C.  40,  40-A,  40-B.  40-C 


Embalming  fluids,  etc 420 

Esters,  ethyl  (miscellaneous) 523 

Ether,  ethyl  561 

Ethers,  miscellaneous 562 

Ethyl  acetate 521 

Ethylamines  530 

Ethyl  chloride  522 

Ethylene  dibromide  571 

Ethylene  gas 572 

Explosives 033 

External  pharmaceuticals  (not  U.S.P  or  N.F.) 210 

External  pharmaceuticals,  miscellaneous 
(U.S.P.  or  N.F.) 249 


1,  3-A.  22.  23-A 

1,  2-B,  2-C,  3-A.  6-B,  12-A.  13-A.  17,  29.  32.  35-A 

1.2- B,  13-A,  29,  32 

1.2- B,  13-A.  29,  32 

1.2- B,  29,  35-A 

1.2- B.  2-C,  3-A,  12-A,  29.36 

1.2- B.  29.  32 

1.2- 6,29.  32 

1.2- 8,29,32 

1 . 2- B.  3-A 

23-A,  23-F,  23-H.  27-A,  27-B,  36.  37.  38-B.  38-F,  39-B.  40,  40-A,  40-B.  40-C 
23-A.  25,  25-A,  38-B 


Fluid  uses,  miscellaneous  750 

Food  products,  miscellaneous  (processing)  332 

Fuel  uses,  miscellaneous 630 

Fuels,  airplane  and  supplementary 612 

Fuels,  automobile  and  supplementary 611 

Fuels,  proprietary  heating 620 

Fuels,  rocket  and  jet  613 

Fungicides 410 


1 , 3-A,  23-A.  30 

1.2- B,  3-A,  13-A,  23-A.  30.  32,  35-A 

1 . 3- A,  28-A 

1 . 3-A,  28-A 

1 . 3- A,  28-A 

1 . 3- A.  28-A 
1 3-A  28-A 

1 i 3-a!  3-B,  23-A.  23-H,  27-A,  27-B,  30,  37,  38-B,  39-B.  40.  40-A,  40-B.  40-C 


Glandular  products  (processing) 


.342  1 , 2-B,  3-A,  12-A,  13-A,  23-A,  30,  32,  35-A 


Hair  and  scalp  preparations 111  3-B,  23-A,  23-F,  23-H,  37,  38-B,  39.  39-A,  39-B,  39-C.  39-D.  40,  40-A.  40-B, 

40-C 

Hormones  (processing) 342  1. 2-B,  3-A,  12-A,  13-A,  23-A,  30.  32.  35-A 


Other  products  or  processes  may  be  authorized  by  the  Director  of  the  Bureau  of  Alcohol,  Tobacco  and  Firearms,  Department  of  the  Treasury,  Washington,  D.C. 
Uses  of  Specially  Denatured  Alcohol— 27  CFR  212  105 
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Table  6.40:  (continued) 


PRODUCT  OR  PROCESS 


CODE  NO. 


FORMULAS  AUTHORIZED 


Incense  470 

Inks 052 

Inks  (including  meat  branding) 052 

Insecticides 410 

Iodine  solutions  (including  U.S.P.  and  N.F.  tinctures)  230 


3-A.  22,  37.  38-B,  39-B,  39-C,  40,  40-A,  40-B,  40-C 
1,3'A.  13-A,  23-A,  30,32,  33 
23’A,  32 

1 , 3-A,  3-B,  23-A,  23-H,  27-A,  27-B,  30,  37.  38-B,  39-B,  40.  40-A.  40-B,  40-C 
25.  25-A 


Laboratory  reagents  (for  sale) 810 

Laboratory  uses 810 

Lacquer  thinners  042 

Liniments  (U.S.P.  or  N.F.) 243 

Lotions  and  creams  (body,  face,  and  hand)  113 


3-A,  30 
3-A,  30 

1,23-A 

27,  27-B,  38-B 

23-A,  23-H,  31-A,  37,  38-B,  39.  39-B.  39-C,  40,  40-A,  40-B.  40-C 


Medicinal  chemicals  (processing) 344 

Miscellaneous  chemicals  (processing) 358 

Miscellaneous  products  (processing) 359 

Mouthwashes  132 


1, 2-B,  2-C,  3-A,  12-A,  13-A,  17,  23-A,  30,  32,  35-A 
1, 2-B,  2-C,  3-A,  12-A,  13-A.  17,  23-A,  30,  35-A 
1, 2-B,  2-C,  3-A,  12-A,  13-A,  17.  23-A,  30,  35-A 
37,  38-B,  38-C,  38-D,  38-F 


Organo-sllicone  products 


.576  2-B,  3-A 


Pectin  (processing) 331 

Perfume  materials  (processing) 352 

Perfumes  and  perfume  tinctures 121 

Petroleum  products 320 

Photoengraving  dyes  and  solutions  481 

Photographic  chemicals  (processing) 353 

Photographic  film  and  emulsions  031 

Pill  and  tablet  manufacture 349 

Plastics,  cellulose 021 

Plastics,  non-cellulose  (including  resins) 022 

Polishes 051 

Preserving  solutions  430 

Proprietary  solvents  (standard  formulas) 041 


1.  2-B,  3-A,  13-A,  23-A,  30.  35-A 

1, 2-B,  3-A,  12-A,  13-A,  30 

38-B,  39,  39-B,  39-C,  40,  40-A,  40-B.  40-C 

1.2- B,  3-A 

1.3- A,  13-A.  30,  32 
1,  2-B,  3-A,  13-A,  30 

1,2-B,  3-A,  13-A,  19,  30,32 

1,2-B,  3-A,  13-A.  23-A,  30.  35-A.  38-B 

1.2- B,  3-A.  12-A,  13-A.  30 

1.2- B,  3-A,  12-A.  13-A,  30 

1.3- A.  30.  40.  40-A.  40-B,  40-C 

1 . 3- A,  12-A,  13-A,  22,  23-A.  30,  32.  37.  38-B,  42.  44 
1 


Refrigerating  uses 740 

Resin  coatings,  natural 014 

Resin  coatings,  synthetic 012 

Resins,  synthetic 590 

Room  deodorants  470 

Rosin  (processing) 354 

Rotogravure  dyes  and  solutions 481 

Rubber  (latex)  (processing) 355 

Rubber,  synthetic 580 

Rubbing  alcohol 220 

Scientific  instruments  710 

Shampoos 141 

Shellac  coatings 013 

Soaps,  Industrial 440 

Soaps,  toilet  142 

Sodium  ethylate,  anhydrous  (restricted)  524 

Sodium  hydrosulfite  (dehydration)  312 

Soldering  flux  035 

Solutions,  miscellaneous  485 

Solvents  and  thinners,  miscellaneous  042 

Solvents,  special  (restricted  sate) 043 

Stains  (wood) 053 

Sterilizing  solutions 430 


1,3-A,  23-A.  30 

1 . 23-A 
1,  23-A,  30 
3-A  29  30  35-A 

3-a!  22i  37i  38-B,  39-B.  39-C.  40,  40-A,  40-B,  40-C 

1.3- A,  12-A 

1,  3-A,  13-A,  30,  32 

1.3- A 
29.  32 
23-H 

1.  3-A 

1,  3-A,  3-B,  23-A,  27-B,  31-A,  36.  38-B.  39-A,  39-B,  40.  40-A,  40-B,  40-C 

1. 23- A 

1 3-A,  23-A,  30 

l!  3-a!  3-B,  23-A,  30,  36,  38-B,  39-B,  39-C,  40,  40-A,  40-B,  40-C 
2-B 

1.2- B,  3-A 

1 3-A  23-A  30 

l!  3-a!  23-a!  30,  39-B,  40,  40-A,  40-B.  40-C 

1.23- A 

1.3- A 

1.3- A,  23-A,  30 

1,  3-A,  12-A,  13-A,  22.  23-A,  30.  32,  37,  38-B,  42.  44 


Theater  sprays 470  3-A,  22,  37,  38-B,  39-B.  39-C,  40,  40-A,  40-B,  40-C 

Tobacco  sprays  and  flavors 460  4 

Toilet  waters 122  38-B,  39.  39-A,  39-B,  39-C,  40,  40-A,  40-B,  40-C 

Transparent  sheetings 032  1 , 2-B,  3-A,  13-A,  23-A 


Unclassified  uses 


900  1,3-A 


Vaccine  (processing) 343  1,2-B,  3-A,  12-A,  13-A,  23-A,  30,  32.  35-A 

Vinegar  511  18,  29,  35-A 

Vitamins  (processing)  342  1, 2-B,  3-A,  12-A,  13-A,  23-A,  30,  32,  35-A 

Xanthates  573  1,2-B,  2-C,  29 


Yeast  (processing) 


342  1,2-B,  3-A,  12-A,  13-A,  23-A,  30,  32,  35-A 


'Other  products  or  processes  may  be  authorized  by  the  Director  of  the  Bureau  of  Alcohol,  Tobacco  and  Firearms,  Department  of  the  Treasury,  Washington,  D.C. 
Uses  of  Specially  Denatured  Alcohol— 27  CFR  212.105 
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Table  6.41:  Fllmex  Special  Industrial  Solvent  Formulations  (30) 


Quantum’s  RImex  Solvents  are  typically  used  in  flexographic  printing  for  clean- 
ing  equipment,  formulating  and  thinning  inks  and  in  producing  rotogravure 
etchings;  in  the  textile  industry  to  promote  adhesion,  improve  dye  penetration 
and  to  soften  fibers;  in  chemical  and  pharmaceutical  processing;  and  in  chemi- 
cal specialties  production,  such  as  latex  coagulants  and  lacquers,  among  others. 

Code  # Proof  Formulation 


To  every  100  gallons  of  ethyl  alcohol,  add: 

RImex  A-1 190 5,0  gal,  methyl  alcohol 

1.05  gal.  methyl  isobutyl  ketone 

10.5  lbs  isopropyl  alcohol,  99% 

RImex  A-2 190 15.5  gal.  methyl  alcohol 

1 .05  gal.  methyl  isobutyl  ketone 

RImex  B 190 1 0.25  gal.  methyl  alcohol 

1 .05  gal.  methyl  isobutyl  ketone 

5.25  lbs  isobut^  alcohol,  99% 

RImex  C 190 5.0  gal.  methyl  alcohol 

4.46  gal.  ethyl  acetate,  99% 

1 .05  gal.  methyl  isobutyl  ketone 

RImex  D-1  190 5.0  gal.  methyl  alcohol 

1 .05  gal.  methyl  isobutyl  ketone 
15.751b  isopropyl  alcohol,  99% 

RImex  D'2  190  20.75  gal.  methyl  alcohol 

1 .05  gal.  methyl  isobutyl  ketone 

RImex  Solvents  are  also  available  in  200°  (anhydrous)  formulations. 

Table  6.42:  Completely  Denatured  Alcohol  (CDA)  Formulations  (30) 


CDA  Proof  Formulation  Applications 

To  every  100  gallons  of  ethyl 
alcohol,  add: 

CDA19-1 , .190  ..  .4.0  gal.  methyl  isobutyl  ketone Cleaning  fluids, 

1 .0  gal.  kerosene,  odorless  antifreeze,  thinners, 

detergents,  brake 
fluids 

CDA  1 9-3 ..  . 1 90  ...  4.0  gat.  methyl  isobutyl  ketone Cleaning  fluids, 

1 .0  gal.  rubber  hydrocarbon  antifreeze,  thinner, 

solvent  detergents,  brake 

fluids 

CDA  19-3. ...200  ..  .4.0  gal.  methyl  isobutyl  ketone Cleaning  fluids, 

1 .0  gal.  rubber  hydrocarbon  detergents,  antifreeze, 

solvent  thinners,  brake  fluids 

Table  6.43:  Proprietary  Solvent  Formulations  (30) 


Code  # Formulation  Applications 

Propsolv  1-1 100  gal.  SDA 1-1  (190°  or  200°) Shellac, 

1.0  gal.  rubber  hydrocarbon  chemical  specialties, 

solvent  latex  coagulants 

4.25  gal.  ethyl  acetate 

Propsolv  1-2 1 00  gal.  SDA  1 -2  (1 90°  or  200°) Shellac. 

1 .0  gal.  rubber  hydrocarbon  chemical  specialties, 

solvent  latex  coagulants 

4.25  gal.  ethyl  acetate 

Propsolv  IIM 100  gal.  SDA  1-1  (190°  or  200°) Shellac, 

1.0  gat.  methyl  isobutyl  ketone  chemical  specialties, 

1.0  gal.  rubber  hydrocarbon  latex  coagulants 

solvent 

0.87  gal.  ethyl  acetate 

Propsolv  III-2 100  gal.  SDA  1-2  (190°  or  200°) Shellac, 

1 .0  gal.  methyl  isobutyl  ketone  chemical  specialties, 

0.87  gal.  ethyl  acetate  latex  coagulants 

1.0  gal.  rubber  hydrocarbon  solvent 


Table  6.44:  Punctilious  Specially  Denatured  Alcohol  (SDA)  Formulations 


SDA  Formulation  Applications 

To  100  gallons  of  190°  ethyl  alcohol  or,  for  anhydrous 
products,  200^  add; 

SDA  1-1 0.125  oz.  Bitrex Coatings,  solvents 

4.0  gal.  methanol 

SDA  1-2 4.0  gal.  methanol Miscellaneous 

1 .0  gal.  methyl  isobutyl  ketone  chemical 

manufacture 

SDA2B-2 0.50  gal.  rubber  hydrocarbon Pharmaceuticals, 

solvent  agricultural 

chemicals 

SDA  2B-3 0.50  gal.  toluene Cosmetics  and 

toiletries 

SDA  2B-4 0.50  gal.  Shell  Solvent  B Plastics 

SDA3A  5.0  gal.  methanol Chemical  specialties 

SDA3C 5.0  lb.  isopropyl  alcohol Chemical 

intermediates 

SDA 4 ..0.0022  lb.  methylene  blue .Tobacco  sprays 

0.05  lb.  nicotine,  40%  soln 
0.95  gal.  water 

SDA  12A-3 5.0  gal.  toluene Chemical  specialties 

SDA  13A 10  gal.  ethyl  ether,  USP Miscellaneous 

chemical 

manufacture 

SDA  19 100  gal.  ethyl  ether,  USP Miscellaneous 

chemical 

manufacture 

SDA23A 8.0  gal.  acetone External 

; pharmaceuticals 

SDA  23H 8.0  gal.  acetone F^harrnaceuticals 

j 1.5  gal.  methyl  isobuty!  ketone  and  disinfectants 

j SDA26-1  20.0  lb.  iodine Pharmaceuticals 

I 15.0  lb.  potassium  iodide 

i SDA  25-2  . ...20,0  lb.  iodine . Pharmaceuticals 


SDA25A-1 
SDA25A-2 
SDA  29-3.. 

SDA 30  

SDA  32 


15.0  lb.  sodium  iodide 

20.0  lb.  iodine 

15.0  lb.  potassium  iodide 
15.01b.  water 

20.01b.  iodine 

15.01b,  sodium  iodide 
15.0  lb.  water 


1.0  gal.  ethyl  acetate,  99% 

{ATF  may  approve  other  denaturants 
provided  that  amounts  are  not  less 
than  6.8  lbs,  of  solid  or  1 .0  gal  of 
liquid/100  gal.  ethyl  alcohol) 


L__ 


. Pharmaceuticals 


...Pharmaceuticals 


Vinegar  and  other 
products 


Miscellaneous 
chemicals,  solvents 
and  drugs 

Solvents,  extractants, 
chemical  specialties 


5.0  gat.  ethyl  ether 


SDA 

Formulation 

Applications 

To  100  gallons  of  190°  ethyl  alcohol  or,  for  anhydrous 
products,  200°,  add: 

SDA35A-1 

.4.25  gal,  ethyl  acetate.  99% 

..Animal  feed 
supplement,  pill  and 
tablet  manufacturing 

SDA  37 

1.25  lb.  menthol,  natural 

..Pharmaceuticals, 

45.0  fl,  oz,  eucalyptol 

mouthwashes, 

30.0  av.oz.  thymol 

antiseptic  solutions 

SDA38B 

,10  0 lb.  of  any  denaturant  approved .... 

..Fragrances,  toiletries, 

by  the  ATF  for  SDA  38B  or  any 

disinfectants, 

combination  of  approved  denaturants 
adding  up  to  10.0  lbs. 

pharmaceuticals 

SDA  38F 

.10.0  lb.  of  any  denaturant  approved .... 

..Pharmaceuticals. 

by  the  ATF  for  SDA  38F  or  any 
combination  of  approved  denaturants 
adding  up  to  10.0  lbs. 

mouthwashes 

SDA  39B 

2.5  gal.  diethyl  phthalate,  odorless ...... 

,,  Detergents, 

0.125  gal.  t-butyl  alcohol 

coatings,  fungicides, 
pharmaceuticals 

SDA 39  

. 1 .0  gal.  diethyl  phthalate,  odorless 

or  1.0  gal.  diethyl  phthalate,  regular 

..Fragrances 

SDA  40-1  

1.5  oz,  brucine  alkaloid 

..Flavors  and 

0.125  gal,  t-butyi  alcohol 

fragrances,  hair 
sprays,  disinfectants, 
insecticides,  dye 
solutions 

: SDA  40-2 

.1.5  oz.  brucine  sulfate 

Flavors  and 

0.125  gal.  t-butyi  alcohol 

fragrances,  haii 
sprays,  disinfectants, 
insecticides,  dye 
solutions 

SDA40A 

.1.0  lb.  sucrose  octa-acetate 

0.125  gal.  t-butyl  alcohol 

..  Fragrances 

SDA40B 

0,0625  oz.  Bitrex 

• Fragrances,  cleaning 

! SDA40C 

0.125  gal.  t-butyl  alcohol 

solutions,  household 
detergents, 
fungicides,  polishes 

.3.0  gat.  t-butyl  alcohol 

..Fragrances 

j SDA 45 

.300.0  lb.  shellac 

..Candy  glazes 

i Reagent  

.5.0  gal.  methyl  alcohol 

Chemical  reagents 

1 Alcohol 

5.53  lb.  isopropyl  alcohol,  99% 

1 Rubbing 

,0.27  oz.  Bitrex 

..Rubbing  alcohol 

1 Alcohol  Base 

8.0  gai.  acetone 

1.5  gal.  methyl  isobutyl  ketone 

■ Rubbing 

.0.27  oz.  Bitrex 

.Rubbing  alcohol 

Alcohol 

0.003  lb.  menthol  racemic 

Concentrate  8,0  gal.  acetone 

1 .5  gal.  methyl  isobutyt  ketone 


' Not  ail  SDAs  lormulattofts  or  applications  can  be  presented 
repfesemative 


For  turtlief  information,  contact  yoor  Osiantoni  chemicals  sales 
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Table  6.45:  Composition  and  Typical  End  Uses  of  Specially  Denatured  Alcohols  (30) 


Specially 

Deiuiliired 

Alcohcd 

(SDA) 

lilhanoD'* 

Acetone 

N.F. 

Mclhanui 

Methyl 

Isobutyl 

Ketone 

Isopropanol 

I'thyl 

t-Hutanol  .Acetate  loluiMie*^* 

SDA  1 

100  gal 

4 gal 

1 gai 

SDA  2\\ 

100  gal 

O.;!  gal 

SDA  3 A 

100  gal 

5 gal 

SDA  3C 

100  gal 

f)  gal 

SDA  23A 

100  gal 

« gal 

SDA  2311 

100  gal 

8 gal 

l.f)gal 

SDA 

100  gal 

1 gai 

SDA  30 

100  gal 

10  gai 

SDA  3,'iA 

1 00  gal 

4,2.'-)  gal 

SDA  37''’' 

100  gal 

SDA  3XH' 

100  gal 

":si)A  3XF‘:*' 

100  gai 

SDA  39C 

100  gal 

SDA  40-2 

100  gal 

0.12.'5  gal 

SDA40B 

1 00  gal 

0.12.3  gal 

Specially 

Denatured 

Alcohol 

(SDA) 

Diethyl 

Plithalate 

Oils  and 
Substances 

Rrucine 

Sulfate 

Hi  ti  e X 

•Application.s*^'! 

SDA  1 

Solvent  lor  cuialings,  adlu'sives,  Lhintu^r,  polishes. 

SDA  2U 

Sohciit  for  processing  food  products, 
antibiotics  and  \accines  and  dyes. 

SDA  3 A 

Sohcni  for  soap  and  hath  preparations,  latex 
processing,  itroprietary  solvents. 

SDA  3C 

Solvent  for  shampoos,  stains,  processing  food 
products,  aiid  cleaning  solutions. 

SDA  23A 

Solvent  for  lotions  and  creams,  soaps, 
antiseptic  solutions,  processing  foods. 

SDA  23H 

Solveitl  for  external  pbarmacouticals. 
disinfectants,  cleaning  solutions. 

SDA  29<=^' 

ViiK'gar  mannfaclure,  ethyl  ether  and 
c t h y 1 a m i ne  s p rod  u cl  io  n . 

SDA  30 

Solvent  for  industrial  detergents  and  soaps, 
dye  solutions. 

SDA  3,'IA 

SoKenl  for  candy  glazes,  processing 
atHil)if)tics.  animal  feed  supplements. 

SDA  37< " 

Cil 

MoiJthu  ashes,  antisi^plic  solutions,  USP  or 
\F.  room  deodorants. 

SDA  3«B< 

1(1  II) 

Mom h washes,  deddm  ants,  perfumes,  soap  and 
i)ath  preparations. 

SDA  3XF'  “ 

to  II) 

Mmi(h\v.ash(‘s.  antiseptic  solutions. 

SDA  39C 

1 gal 

I.otions  and  creams,  perfumes,  soap  and  bath 
preparations. 

SDA  40-2 

1 av,  oz 

Hair  preparations,  lotions  and  creams, 
sliampoos. 

SDA  40H 

0.0(')3 
av.  oz 

Mail'  pri'paralions.  lotions,  and  ereams, 
shampoos. 

(1)  190  and  200  proof  formulations  available 

(2)  Or  permissible  materials  approved  by  BA'l’F 

(.1)  Denatu rants  may  need  to  be  supplied  by  customer 

(4)  Or  rubber  hydrocarbon  solvent 

(5)  45  n oz  eucalyptol,  NF;  30  av  oz  thymol,  NF;  and  20  av  oz  menthol.  USP 

(6)  F'or  a more  complete  listing,  sec  Codes  of  Federal  Regulations,  Vol  27,  Part  21 


Table  6.46*.  Composition  of  Completely  Denatured  Alcohol  <CDA)  (19) 


Completely  Denatured  Methyl  Isobutyl  Rubber  Hydrocarbon 

Alcohol  (CDA)  Ethano!^^> 

CDA19  100  gal  4 gal  1 gal 


Table  6.47;  Composition  of  Synasol  Proprietary  Solvents,  Anhydrol  Special  Industrial  Solvents,  and  Inksolv  Ink  Solvents  (19) 


J5YNAS01.®  Solvents 

lUhnnol 

Methanol 

isoprofmnof 

Methyl  Isobntyl 
Ketone 

Ethyl 

Acetate 

n-Propyl 

Acetate 

Approved 

Hydrocarbon 

VM-41 
PM- 100 

SDA  K 190ProoM00gal 
SDA  1.2(H)  Proof.  100  gal 

5 gal 
5 gal 

1 gal 
1 gal 

PM-3224 
PM  *509 

SDA  1.  190  Proof,  100  gal 
S»A  1,200  Proof.  100  gal 

1 gal 
1 gal 

1 gal 
1 gal 

1 gal 
1 gal 

ANHYDROI®  Solvents 

PM-4079 

PM'4083 

SDA  3 A.  190  Proof.  100  gal 
SDA  3A,  200  Proof.  100  gal 

10  gal 
10  gal 

1 gal 
t gal 

PM-4078 

PM-4217 

SDA  3A.  190  Proof,  100  gal 
SDA  3 A,  200  Proof,  100  gal 

15  gal 
15  gal 

Igal 
1 gal 

PM'4081 

PM-4082 

SDA3A.  190  Proof,  100  gal 
SDA  3A.  200  Proof,  100  gal 

10  gal 
10  gal 

1 gal 
1 gal 

PM-4080  ‘ 
PM-4176 

SDA3A,  190  Proof,  100  gal 
SDA  3A,  200  Proof,  100  gal 

15  gal 
15  gal 

1 gal 
Igal 

PM-40iiT  ^ 
PM-4084 

S~DA  3A.  190  Proof,  100  gal 
SDA  3 A.  200  Proof,  100  gal 

1 gal 
1 gal 

5 gal 
5 gal 

PM-4157 
^ PM-4135 

SDA  3A,  190  Proof,  100  gal 
SDA  3A,  200  Proof.  100  gal 

5gaf 

•*>  

5 gal 
5 gal 

1 gal 
1 gal 

lNKSOL\'®Solveins<’^ 

PM-6127 

PM-6129 

SDA  3A.  190  Proof.  85  gal 
SDA  3A,  200  Proof,  85  gal 

14  gal 
14  gal 

1 gai 
Igal 

PM  01 18 

SDA  3A,  200  Proof,  89  gal 

10  gal 

Igal 

PM-6193 

PM-6264 

SDA  ,3C,  200  Proof,  89  gal 
SDA3C,  200  Proof.  95  gal 

lOgal 

Igal 

5gal 

(1)  Additional  n(»n-mcthan«t*c«malning  formulas  may  be  available  on  request 
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Table  6.48:  Typical  Physical  Properties  (19) 


Relative 

Average 

ASTM 

Evaporation 

Wt/gal  at 

A Ib/gal 

Locliicicnl  ol 

Flash  Point, 

Distillation 

Rate 

60"P, 

/A‘^E  at 

expansion, 

, per  i. 

Closed  Cup, 

at  760  nim  Hg, 

Product 

(BuAc=100) 

lb 

50-se°v 

at  20"C 

at  55T. 

“F 

«C 

°C 

INKSOLV®  Solvents 

PM-6118 

380 

6.62 

0.00399 

0.00109 

0.00113 

57 

14 

— 

PM-6127 

390 

6.77 

0.00401 

0.00107 

0.001 11 

62 

17 

— 

PM-6129 

400 

6.62 

0.00403 

0.00110 

0.00114 

59 

15 

— 

PM-6193 

280 

6.62 

0.00393 

0.00107 

0.00112 

58 

14 

— 

PM-6264 

330 

6.65 

0.00401 

0.00109 

0.001 13 

55 

13 

— 

ANHYDROL®  Solvents 

PM-1473 

210 

6.77 

0.00402 

0.00107 

0.00112 

61 

16 

75.5-80.5 

PM- 14  74 

210 

6.62 

0.00402 

0.00110 

0.001 14 

55 

13 

75.5-80.5 

PM-4081 

320 

6.76 

0.00402 

0.00108 

0.001 12 

61 

16 

77.0-80.5 

PM-4082 

200 

6.60 

0.00398 

0.00109 

0.00113 

57 

14 

77.0-80.5 

PM-4079 

360 

6.77 

0.00402 

0.00107 

0.00111 

60 

16 

75.0-80.0 

PM-4083 

380 

6.62 

0.00402 

0.00110 

0.00114 

58 

14 

74.0-80.0 

PM-4157 

330 

6.74 

0.00402 

0.00108 

0.00112 

60 

16 

76.0-81.0 

PM-4135 

350 

6.61 

0.00402 

0.00110 

0.00114 

56 

13 

76.0-80.0 

PM-4085 

370 

6.81 

0.00412 

0.00109 

0.00113 

55 

13 

76.0-80.0 

PM-4084 

360 

6.66 

0.00412 

0.00112 

0.00116 

53 

12 

75.0-79.0 

PM-4080 

330 

6.75 

0.00402 

0.00107 

0.00112 

62 

17 

76.5-80.5 

PM -41 76 

350 

6.63 

0.00398 

0.00108 

0.00113 

58 

14 

77.0-82.0 

PM-4078 

370 

6.76 

0.00407 

0.00109 

0.00113 

58 

14 

74.0-79.0 

PM-4217 

380 

6.62 

0.00407 

0.00111 

0.00116 

55 

13 

74.0-79.0 

SYNASOL®  Solvents 

PM-0041 

350 

6.80 

0.00413 

0.00110 

0.00114 

53 

12 

74.5-79.5 

PM-0100 

410 

6.66 

0.00410 

0,00111 

0.001 16 

47 

8 

74.5-79.5 

PM-3224 

360 

6.78 

0.00406 

0.00108 

0.00118 

57 

14 

74.5-79.5 

PM-0509 

360 

6.62 

0.00406 

0.00111 

0.00120 

51 

11 

74.5-79.5 

Completely  Denatured  Alcohol  (CDA) 

Ethanol  CD-19 

190  Proof 

290 

6.79 

0.00407 

0.00109 

0.00113 

54 

12 

76.0-82.0 

200  Proof 

330 

6.61 

0.00402 

0.00110 

0.00114 

51 

11 

76.0-82.0 

Specially  Denatured  Alcohol  (SDA) 

Ethanol  SDA-2B 

190  Proof 

300 

6.80 

0.00394 

0.00105 

0.00109 

58 

14 

77.0-80.0 

200  proof 

330 

6.61 

0.00395 

0.00107 

0.00113 

55 

13 

77.0-80.0 

Ethanol  SDA-3A 

190  Proof 

320 

6.78 

0.00403 

0.00107 

0.00112 

62 

17 

76.0-80.0 

200  Proof 

360 

6.62 

0.00398 

0.00110 

0.00111 

56 

13 

76.0-80.0 

Ethanol  SD-4 

190  Proof 

290 

6.82 

0.00403 

0.00107 

0.001 1 1 

63 

17 

— 

Ethanol  SD-23A 

190  Proof 

370 

6.78 

0.00412 

0.00111 

0.00115 

44 

7 

— 

200  Proof 

410 

6.63 

0.00416 

0.00113 

0-00121 

37 

3 

— 

Ethanol  SD-23H 

190  Proof 

390 

6.78 

0.00416 

0.00111 

0.00115 

55 

13 

— 

Ethanol  SD-29H 

1 90  Proof 

290 

6.80 

0.00401 

0.00107 

0.00111 

63 

17 

— 

200  Proof 

340 

6.62 

0.00396 

0.00108 

0.00112 

57 

14 

— 

Ethanol  SD-29E 

190  Proof 

290 

6.79 

0.00402 

0.00107 

0.00111 

60 

16 

76.0-79.0 

Ethanol  SD-30 

190  Proof 

330 

6.78 

0.00403 

0.00107 

0.00112 

60 

16 

76.0-80.0 

200  Proof 

370 

6.62 

0.00398 

0.00109 

0.00113 

59 

15 

76.0-80.0 

Ethanol  SD-35A 

190  Proof 

310 

6.83 

0-00410 

0.00109 

0.00113 

57 

14 

76.0-79.0 

200  Proof 

340 

6.66 

0.00407 

0.001 1 1 

0.00115 

52 

11 

76.0-79.0 

(continued) 
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Table  6.48:  (continued) 


Helalivo 

|{vaporation 

Average 
\Vt/gal  at 

A Ib/gal 

Coefficient  of 

Flash  Point, 

ASFM 

nistillation 

Hate 

60"F, 

M"P  at 

iixpansion. 

per 

Closed  (’up. 

at  760  mm  Mg, 

Product 

(liiiAc=100) 

lb 

f)()-86"r 

at  20A: 

at  55°C 

op 

T, 

"C 

Plhunol  SI)-:i7 

190  Pmol‘ 

280 

6.79 

0.00402 

0.00107 

0.001  n 

61 

16 

— 

P:thanoI  SD-:i8H 

190  I’roof 

800 

6.80 

0.00899 

0.00106 

0.00110 

68 

17 

— 

I^thanol  Sn-:i8!' 
190  Proof 

280 

6.88 

p.00408 

0.00107 

0.00 1 1 1 

63 

17 

— 

I'thanol  Sn-39C: 

190  Proof 

;u)0 

6.81 

0.00408 

0.00107 

0.0011  1 

61 

16 

76.0-80.0 

200  Proof 

380 

6.62 

0.0.0898 

0.00107 

0.00111 

57 

14 

76.0-80.0 

l■:thanolSI>-40 

190  Proof 

290 

6.79 

0.00401 

0.00107 

0.001  11 

6! 

16 

77.0-80.0 

200  Proof 

880 

6.62 

0,00402 

0.001  10 

0.001  14 

58 

14 

77.0-80.0 

I'lthanol  S1)-4()7\ 

190  Protif 

290 

6.79 

().00402 

0.00107 

0.001  1 1 

62 

17 

— 

200  Proof 

810 

6.62 

().00897 

0.00109 

0.001  18 

58 

14 

— 

laiianol  Sl)-4(m 

190  Proof 

800 

6.79 

().()0400 

0.00107 

0.001  1 1 

62 

17 

77.0-80.0 

200  Proof 

880 

6.61 

0.00896 

0,00!08 

0.001  16 

57 

14 

77.0-80.0 

l':ilianol  S1)-40C 

200  Proof 

880 

6.61 

0.00898 

().0()I08 

0.001  12 

59 

15 

77.0-80.0 

Pure  Alcohols 

190  Proof 

800 

6.79 

().()()408 

O.OOlO? 

0.001  1 1 

62 

17 

78.2 

200  Proof 

880 

6,61 

0.00898 

0.00109 

0.00!  18 

58 

14 

78.8 

Table  6.49:  Densities  of  Pure  Ethanol-Water  Mixtures  at  Various  Temperatures  (19) 


HI)  (50)  (59)  (6«)  (77)  (86)  (95)  (1041  (ll.l)  (122)  (131)  040) 

Tomporaluro,  f'l-) 


Monohydric  Alcohols  28  7 


Table  6.50:  Vapor  Pressure  of  Pure  Ethanol  at  Various  Temperatures  (19) 


10,000 

0,000 

8,000 

7.000 

6.000 
,').0()0 
4,()00 

:^,ooo 


2,000 


1,000 

900 

800 

700 

600 


3 

3 

OQ 


500 


400 


300 


200 


100 


-0  10  20  30  40  50  60  70  80  90  100  120  140  160 

(32)  (50)  (68)  (86)  (104)  (122)  (140)  (158)  (176)(194)(212)  (248)  (284)  (320) 


Temperature,  °C  (°F) 


Table  6.51:  Constant  Boiling  Mixtures  (19) 


COMPONENTS 

1 AZEOTROPE 

Specific 

Boiling 

Boiling 

Sp  Gr  of 

Gravity 

point  at 

Point  at 

Composition 

Azeotrope 

Compound^^^ 

at 

760  mm 

760  mm 

in  Azeotrope, 

or  Layers 

20/20°C 

Hg.  °C 

Hg.  ^^C 

% by  wt 

at  20/20°C 

Ethanol 

0.7905 

78.3 

42.4 

9.0 

Carbon  Disulfide 

1.2657 

46.5 

91.0 

1.197 

Ethanol 

0.7905 

78.3 

41.3 

5.0 

Homogeneous 

Carbon  Disulfide 

1,2657 

46.5 

93.4 

Water 

1.0000 

100.0 

1.6 

Ethanol 

0.7905 

78.3 

65.0 

15.8 

1.377 

Carbon  Tetrachloride 

1.5875 

76.5 

84.2 

Ethanol 

0.7905 

78.3 

61.8 

10.3 

U 0.935 

Carbon  Tetrachloride 

1.5875 

76.5 

86.3 

L 1.519 

Water 

1.0000 

100.0 

3.4 

Ethanol 

0.7905 

78.3 

59.4 

7.0 

1.403 

Chloroform 

1.4756 

61.2 

93.0 

Ethanol 

0.7905 

78.3 

55.5 

4.0 

U 0.976 

Chloroform 

1,4756 

61.2 

92.5 

L 1.519 

Water 

1,0000 

100.0 

3.5 

(continued) 
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Table  6.51:  (continued) 


COMPONFVrS 

1 AZ!:oriu)PH 

Specific 

Boiling 

Boiling 

Sp  Gr  of 

Gravity 

point  at 

Point  at 

Composition 

Azeotrope 

at 

7(>0  mm 

760  mm 

in  Azeotrope, 

or  Layers 

Compound^'^ 

20/20"C 

llg,  c 1 

Hg,  °C 

% by  vvt 

at  20/20'C 

Hthanol 

0.7905 

78.3  i 

62.6 

19.7 

Homogeneous 

Cyclohexane 

0.7797 

80.7 

75.5 

Water 

1 .0000 

100.0 

4.8 

Kthanol 

0.7905 

78.3 

71.8 

3 i .0 

0.863 

f‘ thyl  Acetate 

0.9018 

77.2 

6‘i,0 

llthanol 

0.7905 

78.3 

70.2 

8.4 

0.901'“’ 

Itlhyl  Acetate 

0.9018 

77.2 

82, (= 

Water 

1. 0000 

100.0 

9.0 

l-lhanol 

0.7905 

78,3 

71.0 

33.5 

1 .049 

1‘thylcne  Dichloride 

1.2556 

83.5 

66,5 

I’dhanol 

0.7905 

78.3 

67.8 

15.7 

U 0.94 1 

lUhylene  Dichloride 

1.2556 

83.5 

77.1 

1.  1.167 

Water 

l.OOOO 

100.0 

7.2 

Itthanol 

0.7905 

78.3 

72 

48.0 

0.729 

Heptane 

0.6845 

98.4 

52.0 

Fthanol 

0.7905 

78.3 

68.8 

330 

U 0.686 

Heptane 

0.6845 

98.4 

60  9 

!.  0.801 

Water 

1.0000 

100.0 

6,1 

1‘thanol 

0.7905 

78.3 

58.7 

210 

0.687 

Hexane 

0.6601 

68.7 

79.0 

Kthanol 

0.7905 

78.3 

56 

120 

U 0.672 

llitptJino 

().660l 

68.7 

850 

L 0.833 

Water 

l.OOOO 

lOO.O 

30 

Itthanol 

0.7905 

78.3 

74.8 

19  4 

0 874 

Isopropyl  Acetattt 

0.8737 

88.5 

70  8 

Water 

l.OOOO 

100,0 

9.8 

Fthanol 

0.7905 

78.3 

()4.0 

17.1 

0.741 

Isopropyl  Idher 

0.7245 

68.5 

82.9 

Hthanol 

0.7905 

78.3 

61.0 

f)  5 

li  0.737 

lsoi)ropvl  1 liter 

0.7245 

68.5 

89.5 

1.0.967 

Water 

l.OOOO 

100.0 

4.0 

Idhanol 

0.7905 

78.3 

74.8 

34.0 

0.802 

Methyl  I’thyl  Keiotu' 

0.8061 

79.6 

66.0 

I'thanol 

0.7905 

78.3 

73  2 

14,0 

0.832 

M<‘thyl  Idhyl  Ketom' 

0.8061 

79.6 

75.0 

Water 

1.0000 

100.0 

11.0 

l-thanol 

0.7905 

78.3 

34.3 

5.0 

Pentane 

0.6269 

36.1 

95.0 

lUhanol 

0.7905 

78.3 

76.7 

68,0 

0.815 

rokiene 

0.8683 

1 10.6 

32.0 

l-thanol 

0.7905 

78.3 

! 74.4 

37.0 

U 0.849 

Toluene 

0.8683 

1 10.6 

51.0 

L0.855 

Water 

1 .0000 

100.0 

1 

12.0 

l-Thanol 

0.7905 

78.3 

1 70.9 

27.0 

1.197 

1YichIoro(Uh\  lone 

1.4655 

S7.1 

73.0 

IThanol 

().7905 

78.3 

1 76.9 

51.0 

0.775 

Triethylamini' 

0.729() 

89.5 

49.0 

IThanol 

0.7905”  ‘ 

78.3'  ' 

74’.  7 

”153)  ' 

0.774 

Triethylaniine 

0.7290 

89.5 

75.0 

Water 

1,0000 

100.0 

10.0 

Fthanol  (95  mni) 

0.7905 

99.5 

0.792 

Water 

l.OOOO 

51. ()'■*' 

0.5 

Hthanol 

0.7905 

78.3 

i 78.2 

95.6 

0.804 

Water 

1 .0000 

100.0 

( 

4.4 

Hthanol  (3  atml 

0.7905 

109.0^'^’ 

95.2 

0.805 

Water 

1 .0000 

134.0^'^* 

1 109.0^'^> 

4.8 

(1)  Tho  ethanol  listed  as  a compound  in  this  tabl(?  is  pure.  Azeotropes  \ ar\  with  the  addition  oC  denalurants. 

(2)  At  25/20-'(: 

(3)  ,\t  t!u*  pressure  investigated 

N'ONAZEOTROPKS;  In  liinary  sysu'ms  with  ethanol  and  tf'rnary  s\ stems  witii  ethanol  a?\d  water,  tliese  materials  do  itot  I'onn 
azeotropes:  Acetone.  Butanol.  1 ,4-i)ioxano.  lahyl  Hther.  Meilianul,  ni-Xy!eiie.  o-Xylen*',  p-X\iene,  W ater-XhUlianol 
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Table  6.52:  Proof  Definitions  and  Conversion  Factors  (19) 

Proof:  The  ethanol  content  of  a liquid  at  60®F  (15.56®C)  stated  as  twice  the  percent  of  ethanol  by  volume. 
Proof  = 2 X volume  percent  ethanol  in  a liquid  (at  60®F) 

Apparent  Proof:  The  equivalent  of  proof  for  ethanol  solutions  containing  ingredients  other  than  water  (i.e.,  de- 
natured alcohol) . Apparent  proof  is  determined  by  specific  gravity  readings  for  ethanol-water  mixtures  at  60/60°F. 

Proof  Gallon:  Amount  of  ethanol  in  one  wine  gallon  of  100  proof  alcohol  at  GO^’F. 

Proof  gallons  = wine  gallons  at  60®F  x 100/proof 

Wine  Gallon:  A United  States  gallon  of  liquid  measure  equivalent  to  the  volume  of  231.2  cubic  inches. 

1 Wine  gallon  = 231.2  cubic  inches 

Tax  Gallon:  The  unit  measure  of  spirits  for  the  imposition  of  tax  under  section  5001 , IRC.  For  spirits  that  are  100 
degrees  of  proof  or  more  when  withdrawn  from  bond,  the  tax  is  determined  on  a proof  gallon  basis.  When  less 
than  100  degrees  of  proof,  the  tax  is  determined  on  a wine  gallon  basis.  Table  6.53  covers  ethanol-water  com- 
positions from  0 to  200  proof.  Keep  in  mind  that,  because  of  the  contraction  that  occurs  when  ethanol  and  water 
are  mixed,  100  volumes  of  ethanol  of  the  designated  proof  result  from  mixing  the  volumes  of  ethanol  and  water 
given  In  columns  2 and  4. 


Table  6.53:  Proof  Conversion  Tables  (19) 


Piirp  200  Proof 


Ethanol, 

Ethanol. 

Water, 

Specific 

Proof 

Parts  by 

% by 

Parts  by 

(iravity 

at 

Volume 

AVeight 

Volume 

at 

60"F 

at  60°F 

at  60=F 

at  60  F 

60/60  F 

0 

0.0 

0.00 

100.00 

1 .0000 

1 

0.5 

0.39 

99.53 

0.9993 

2 

1.0 

0.80 

99.06 

0.9985 

3 

1.5 

1.19 

98.58 

0.9978 

4 

2.0 

1.59 

98.12 

0.9970 

2.5 

1.99 

97.65 

0.9963 

6 

3.0 

2.39 

97.18 

0.9956 

7 

3.5 

3.79 

96.71 

0.9949 

8 

4.0 

3.19 

96.24 

0.9942 

9 

4.5 

3.60 

95.78 

0.9935 

10 

5,0 

4.00 

95.31 

0.9928 

1 1 

5.5 

4.40 

94.85 

0.9921 

12 

6.0 

4.80 

94.39 

0.9915 

13 

6.5 

5.21 

93.93 

0.9908 

14 

7.0 

5.61 

93.46 

0.9902 

15 

7.5 

6.02 

93.01 

0.9896 

16 

8.0 

6.42 

92.55 

0.9890 

17 

8.5 

6.83 

92.09 

0.9884 

18 

9.0 

7.23 

91.63 

0.9878 

19 

9.5 

7.64 

91.1 8 

0.9872 

20 

10.0 

8.05 

90.72 

0.9866 

21 

10.5 

8.45 

90.27 

0.9860 

22 

1 1.0 

8.86 

89.81 

0.9854 

2.3 

11.5 

9.27 

89.36 

0.9849 

24 

12.0 

9.68 

88.90 

0.9843 

25 

12.5 

10.09 

88.45 

0.9837 

26 

13.0 

10.50 

88.00 

0.9832 

27 

13.5 

10.91 

87.55 

0.9826 

28 

14.0 

11.32 

87.10 

0.9821 

29 

14.5 

1 1.73 

86.65 

0.9816 

30 

15.0 

12.14 

86.20 

0.9810 

31 

15.5 

12.55 

85.75 

0.9805 

32 

16.0 

32.96 

85.30 

0.9800 

33 

16.5 

13.37 

84.85 

0.9794 

34 

17.0 

13.79 

84.40 

0.9789 

35 

17.5 

14.20 

83.95 

0.9784 

36 

18.0 

14.61 

83.50 

0.9779 

37 

18.5 

15.03 

83.06 

0.9774 

38 

19.0 

15.44 

82.61 

0.9769 

39 

19.5 

15.85 

82.16 

0.9764 

Pure  200  Proof 


Ethanol, 

Ethanol, 

Water, 

Specific 

Proof 

Parts  by 

by 

Parts  by 

Gravity 

at 

Volume 

Weight 

Volume 

at 

60= F 

at  60=F 

at  60= F 

at  60= F 

60/60= F 

40 

20.0 

16.27 

SI  72 

0.9759 

41 

20.5 

16.68 

81.27 

0.97,54 

42 

21.0 

17.10 

80.82 

0.9749 

43 

21,5 

17.52 

80.38 

0.9744 

44 

22.0 

17.93 

79.93 

0.9739 

45 

22.5 

18.35 

79,48 

0.9734 

46 

23.0 

18.77 

79.03 

0.9729 

47 

23.5 

19.19 

78.58 

0.9724 

48 

24.0 

- 19.60 

77  14 

0 97  19 

49 

24.5 

20.02 

77.69 

0.9713 

50 

25.0 

20.44 

77.24 

0.9708 

5 1 

25.5 

20.86 

76.79 

0.9703 

52 

26.0 

21.29 

76.34 

0.9697 

53 

26.5 

21.71 

75.89 

0.9692 

54 

27.0 

22.13 

75.44 

0.9687 

55 

27.5 

22.50 

74.98 

0.9681 

56 

28.0 

22.97 

74.53 

0.9676 

57 

28.5 

23.40 

74.08 

0.9670 

58 

29.0 

23.82 

73.62 

0.9664 

59 

29.5 

24.24 

73.17 

0.9659 

60 

30.0 

24.67 

72.72 

0.9653 

61 

30.5 

25.10 

72.26 

0.9647 

62 

31.0 

25.52 

71.81 

0.9641 

63 

31.5 

25.95 

71.35 

0.9635 

64 

32.0 

26.38 

70.89 

0.9629 

65 

32.5 

26.81 

70.43 

0.9623 

66 

33.0 

27.24 

69.97 

0.9617 

67 

33.5 

27.67 

69.51 

0.9619 

68 

34.0 

28.10 

69.05 

0.9604 

69 

34.5 

28.53 

68.59 

0.9,597 

70 

35.0 

28.97 

68,12 

0.9590 

71 

35.5 

29.41 

67.66 

0.9584 

72 

36.0 

29.84 

67,19 

0.9577 

73 

36.5 

30.28 

66.72 

0.9570 

74 

37.0 

30.72 

66.25 

0.9652 

75 

37.5 

31.16 

65.78 

0.9555 

76 

38.0 

3 1 .60 

65.31 

0.9,548 

77 

38.5 

32.04 

64,84 

0.9,540 

78 

39.0 

32.48 

64.37 

0.9533 

79 

39.5 

32.92 

63,90 

0.9525 

(continued) 
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Table  6.53:  (continued) 


Proof 

at 

60°F 

Pure  200  Proof 
Ethanol.  Ethanol. 

Parts  by  % by 

Volume  Weight 

at  60=F  at  60=F 

Water, 
Parts  by 
Volume 
at  60T 

Specific 

Gravity 

at 

60/60"F 

80 

40,0 

33.36 

63.42 

0.9517 

81 

40.5 

33.81 

62.95 

0.9509 

82 

41.0 

34.25 

62.47 

0.9501 

83 

41.5 

34.70 

61.99 

0.9493 

84 

42.0 

35.15 

61.52 

0.9485 

85 

42.5 

35.60 

610.04 

0.9474 

86 

43.0 

36.05 

60.56 

0.9469 

87 

43.5 

36. ,50 

60.08 

0.9460 

88 

44.0 

36.96 

59.59 

0.9452 

80 

44.5 

37.41 

59.11 

0.9443 

00 

45.0 

37.87 

58.63 

0.9434 

01 

45.5 

38.32 

58.14 

0.9426 

02 

46.0 

38.78 

57.66 

0.94 1 7 

93 

46.5 

39.24 

57,17 

0.9408 

04 

47.0 

39.70 

56,68 

0.9399 

05 

47.5 

40.16 

56.19 

0.9389 

06 

48.0 

40.62 

55.70 

0.9380 

07 

48.5 

4 1 09 

55.21 

0.9371 

08 

49.0 

41. .55 

54.72 

0.9361 

00 

49.5 

42.02 

,54.22 

0.9352 

100 

50.0 

42.49 

53.73 

0.9342 

101 

50.5 

42.96 

53.24 

0.9332 

102 

51.0 

43.43 

52.74 

0.9322 

103 

51.5 

43.90 

52.25 

0.9312 

104 

52.0 

44.37 

51.75 

0.9302 

105 

52.5 

44.85 

51.25 

0.9292 

106 

53.0 

45.33 

50.75 

0.9282 

107 

53.5 

45.80 

50.26 

0.9272 

108 

54.0 

46.28 

49.76 

0.9262 

109 

54.5 

46.76 

49.26 

0.9252 

110 

55.0 

47.25 

48.76 

0.9241 

111 

55.5 

47.73 

48.25 

0.9231 

112 

56.0 

48.21 

47.75 

0.9220 

113 

56.5 

48.70 

47.25 

0-9210 

114 

57.0 

49.19 

46.75 

0.9199 

115 

57.5 

49.68 

46.24 

0.9188 

116 

58.0 

50.17 

45.74 

0.9177 

117 

58.5 

50.66 

45.23 

0-9167 

118 

59.0 

51.15 

44.72 

0.9156 

119 

59.5 

51.65 

44.22 

0.9144 

120 

60.0 

52.15 

43.71 

0.9133 

121 

60.5 

52.65 

43.20 

0.9122 

122 

61.0 

53.15 

42.69 

0.9111 

123 

61.5 

53.65 

42.18 

0.9100 

124 

62.0 

54.15 

41.67 

0.9088 

125 

62.5 

54.66 

41.16 

0.9077 

126 

63.0 

55.17 

40.65 

0.9065 

127 

63.5 

55.67 

40.14 

0-9054 

128 

64.0 

56.18 

39.62 

0.9042 

129 

64.5 

56.70 

39.11 

0-9031 

130 

65.0 

57.21 

38.60 

0.9019 

131 

65.5 

57.72 

38.08 

0.9007 

132 

66.0 

58.24 

37.57 

0.8996 

133 

66.5 

58.76 

37.05 

0.8984 

134 

67.0 

59.28 

36.54 

0.8972 

135 

67.5 

59.80 

36.02 

0.8969 

136 

68.0 

60.33 

35.50 

0.8948 

137 

68.5 

60.85 

34.99 

0.8936 

138 

69.0 

61.38 

34.47 

0.8923 

139 

69.5 

61.91 

33.95 

0.8911 

Pure  200  Proor 


Proof 

at 

Ethanol, 
Parts  by 
Volume 
at  60=F 

Ethanol. 
% by 
Weight 
at  60'F 

Water, 
Parts  by 
Volume 
at  60" F 

Specific 

Gravity 

at 

60/60^F 

140 

70.0 

62.44 

33.43 

0.8899 

141 

70.5 

62.98 

32.91 

0.8886 

142 

71.0 

63.51 

32.38 

0.8874 

143 

71.5 

64.05 

3 1 .86 

0.8861 

144 

72.0 

64.59 

31.34 

0.8849 

145 

72.5 

65.13 

30.82 

0.8836 

146 

73.0 

65.67 

30.29 

0.8823 

147 

73.5 

66.22 

29.76 

0.8810 

148 

74.0 

66.77 

29.24 

0.8797 

149 

74.5 

67.32 

28.71 

0.8784 

150 

75.0 

67.87 

28.19 

0.8771 

151 

75.5 

68.43 

27.66 

0.8758 

152 

76.0 

68.98 

27.13 

0.8745 

153 

76.5 

69.54 

26.60 

0.8732 

1 54 

77.0 

70.10 

26.07 

0.8718 

1 55 

77.5 

70.67 

25.54 

0.8705 

156 

78.0 

71.23 

25.01 

0.8691 

157 

78.5 

71.80 

24.47 

0.8678 

158 

79.0 

72.38 

23.94 

0.8664 

159 

79.5 

72.95 

23.40 

0.8650 

160 

80.0 

73.53 

22.87 

0.8636 

161 

80.5 

74.11 

22.33 

0.8623 

162 

81.0 

74.69 

21.80 

0.8608 

163 

81.5 

75.27 

21.26 

0.8594 

164 

82.0 

75.86 

20.72 

0.8580 

165 

82.5 

76.45 

20.18 

0.8566 

166 

83.0 

77.04 

19.64 

0.8552 

167 

83.5 

77.64 

19.10 

0.8537 

168 

84.0 

78.23 

18.55 

0.8522 

169 

84.5 

78.84 

18.01 

0.8508 

170 

85.0 

79.44 

17.46 

0.8493 

171 

85.5 

80.05 

16.92 

0.8478 

172 

86.0 

80.62 

16.37 

0.8463 

173 

86.5 

81.28 

15.82 

0.8447 

174 

87.0 

81.90 

15.27 

0.8432 

175 

87.5 

82.52 

14.72 

0.84  1 6 

176 

88.0 

83.14 

14.16 

0.8401 

177 

88.5 

83.78 

13.61 

0.8385 

178 

89.0 

84.41 

13.05 

0-8369 

179 

89.5 

85.05 

12.49 

0.8353 

180 

90.0 

85.69 

11.93 

0.8336 

181 

90.5 

86.34 

11.37 

0.8320 

182 

91-0 

86.99 

10.80 

0.8303 

183 

91.5 

87.65 

10.24 

0.8286 

184 

92.0 

88,31 

9.67 

0.8269 

185 

92.5 

88.98 

9.09 

0.8251 

186 

93.0 

89.65 

8.-52 

0.8233 

187 

93.5 

90.34 

7.94 

0.8215 

188 

94.0 

9 1 ,03 

7.36 

0.8196 

189 

94.5 

91.72 

6.77 

0.8178 

190 

95.0 

92.42 

6.18 

0.8158 

191 

95.5 

93.14 

5.59 

0.8139 

192 

96.0 

93.85 

4.99 

0.81  18 

193 

96.5 

94.58 

4.39 

0.8098 

194 

97.0 

95,32 

3.78 

0.8077 

195 

97.5 

96.07 

3 17 

0.8056 

197 

98.5 

97.60 

1 .93 

0.8010 

198 

99.0 

98.38 

1 29 

0.7987 

199 

99.5 

99.19 

0.65 

0.7962 

200 

100.0 

100.0 

0.00 

0.7937 

B.P.  of  Azeotrope  *C 


B.P.  of  Azeotrope  *C 


Ethyl  acrylate  77.  5 

Ethyl  propionate  78.0 

Ethyl  propyl  ether  61.2 

Ethyl  sulfide  72. 6 

Fluorobenzene  70.0 

n-Heptane  70.9 

n-Hexane  50. 0 

2-lodobutanc  77,  z 

1 - lodo-2  -methylpropane  77,0 

1 -lodopropane  75. 4 

2- lodopropane  70 . 2 

3- Iodopropene  75. 4 

Isobutyl  formate  77.0 

Isoprene  32 . 7 

Isopropyl  acetate  76.8 

Methyl  acetate  56.9 

Methyl  acrylate  73.5 

Methyl  borate  63.0 

2 ‘Methylbutane  26. 8 

Methyl  butyrate  78.0 

Methyl  carbonate  73.  5 

Methylcyclopentene  63.  3 

Methylcyclopentene  60 . 3 

Methyl  ethyl  ketone  74,8 

Methyl  propionate  72.0 

Octane  77.0 

Pentane  34.3 

2-Pentanone  77.7 

Pe  rchloroethylene  78.  0 

propanediol  63.5 

Propyl  acetate  78.2 

Propyl  ether  74,4 

Thiophene  70.0 

Toluene  76.7 

Trichloroethylene  70,9 


FORMS  TERNARY  AZEOTROPES  WITH: 
B.P.  of  Azeotrope  *C 

Water 


% 

7.4 
70 

8 

65 

3 
91 

4 

7.  5 

5 
83 

95 

1.6 

3.4 


3.5 

92.5 

4. 5 
82.  5 

7 

73 

5 

78 

2.85 
90.  5 

1 . 1 

94.5 

12.8 

69.  5 

9 

82.6 

17,  5 

20.8 


Water 

Bromodichlorome  thane 
Water 

1 “Br  omo-'2 -methylpropane 
Water 

cis  -1  “ Bromopropane 
W ate  r 

t rans  - B r om  opr  opane 
Water 

1 -Bromopropane 
W ate  r 

2 - Bromopropane 
Water 

Carbon  disulfide 


72.0 
69.  5 

54.0 
54. 5 

60.0 
4 3.3 
41 . 3 


Water 

Chloroform 

Wate  r 

1 -Chloro-2 -methylpr  opane 
Water 

Cyclohe xene 
Water 

1 , 2 -Dichloroethane 
Water 

cis  -1,2  -Dichloroethylene 
W ate  r 

t rans  - 1 , 2 - Dichloroethylene 
Wate  r 

Dime  thoxy  methane 
Water 

Ethyl  acetate 
Water 

Ethyl  chloroacetate 
Water 

Trichloroethylene 


55.  4 

58.6 

64. 1 

66.7 

53.8 

44.4 

73.2 

70.2 

81.4 
67.0 


Water 

Benzene 


64.9 


9 

78 


Water 

Triethylamine 


74.7 
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n-PROPYL  ALCOHOL 


n “Propanol 


CH3CH2CH2OH 


n-Propyl  alcohol  is  a colorless,  volatile  liquid. 


Table  6.55:  Physical  Properties  of  n-Propyl  Alcohol  (31) 


Acidity  as  acetic  acid 
Alkalinity  as  ammonia 
Autoignition  temperature 
Boiling  point  at  760  mm 

Coefficient  of  cubical 
expansion,  0 - 94*C 

Color,  APHA 
C ritical  density 
Critical  pressure 
Critical  temperature 
Distillation  range  at  760  mm 

Electrical  conductivity,  mhos 
per  cm  at  25*C 

Explosive  limits,  Lower 
Upper 

Fire  hazard 

Flash  point  (open  cup) 

( closed  cup ) 

F reezing  point 

Heat  of  combustion 

Heat  of  vaporization  at  97.  1 5*C 

Limits  of  flammability  (in  air 
by  volume  ) 

Melting  point 
Molecular  weight 
Non-volatile  material 

Odor 

Refractive  index  at  20’C 
Reid  vapor  pressure  at  100*F 

Relative  evaporation  rate 
(butyl  acetate  = 1 ) 

Specific  gravity  at  20/4'’C 
at  20/20 *C 

Specific  heat  at  25"C 

Surface  tension  in  air,  -5*C 
20’C 
60“C 


Toxic  ity 


Vapo 

r pressure 

•c 

•F 

0 

32 

10 

50 

20 

68 

30 

86 

40 

104 

50 

122 

60 

140 

70 

158 

80 

176 

90 

194 

97. 

19  206.9 

Viscosity,  0*C 
20*C 
40*C 
90*C 

Water  content 

Weight  per  gallon  at  20*C 

(68T) 


0.00  3%  by  wt,  max. 

0, 00  3%  by  wt,  max. 

540 'C 
97.  1 5"C 

0.000956  X 10’’ 

5 max. 

0.2734 

49.9  atm 
263. 7*C 

2*C  including  97.15*C 

2 X 10‘* 

2.6%  by  vol.  in  air 

1 3 , 5%  by  vol . in  air 

Dangerous  when  exposed  to 
heat  or  flame . 

90*F 

59*F 

-127-C  ( -196"F) 

8020  cal/g 

162.6  cal/g 

2 . 5%  ( Lowe  r ) 

-127. 0*C 

60.09 

0.001  gm/lOO  ml  sample, 
max. 

Alcohol  -like 
1 . 3845 
0 . 1 psi 

1.3 

0.  8036 
0. 8050 

0.586  cal/g/'C 

2 5.9  dynes  /cm 
23. 8 dynes/cm 
20. 5 dynes/cm 

Slight 
mm  Hg 

3.44 
7.26 
14.  5 

27.6 

50.2 

87.2 

147.0 

239.0 

376.0 

574.0 

760.0 

3.8827  centipoises 
2.2563  centipoises 
1.4050  centipoises 
0.5310  centipoises 

0. 2%  by  wt,  max. 

6.  7 lbs 
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Table  6.56:  Azeotropes  of  n-Propyl  Alcohol  (31) 


PROPYL 

ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH; 

n-PROPYL 

ALCOHOL  FORMS  TERNARY 

AZEOTROPES  WITH: 

% 

B.P. 

of  Azeotrope  *C 

% 

B.P.  of  Azeotrope  *C 

63 

Acetal 

92.4 

27.4 

Water 

83.1 

Benzene 

77.  1 

21 

Acetaldehyde  dipropylacetal 

75 

Biacetyl 

85.0 

7.6 

Water 

31 

1 -Bromobutane 

89.5 

82.3 

Benzene 

67.0 

89.5 

2-Bromobutane 

85.3 

5 

Water 

82 

n-Butyl  chloride 

74.  8 

65.4 

84 

Carbon  tetrachloride 

36 

Butyl  formate 

95.5 

88.5 

Carbon  tetrachloride 

73.1 

9 

Water 

LI  fl 

17 

Chlorobenzene 

96.9 

79 

1 , 3-Cyclohexadiene 

O r 4 0 

82 

1 -Chlorobutane 

74.8 

8.5 

Water 

91 

2 “Chlorobutane 

67.2 

81.5 

Cyclohexane 

66 . 6 

69 

1 -Chloro‘3-methylbutane 

89.4 

9 

Water 

78 

1 -Chloro-2-methylpropanc 

67.7 

79.  5 

Cyclohexene 

63.2 

89 

Diethoxymethane 

86.2 

8 

Water 

45 

Dioxane 

95.3 

86.4 

70 

Di-n-propyl  ether 

85.7 

47.2 

Oipropoxymethane 

49 

Ethyl  propionate 

93.4 

17.6 

Water 

72 

Ethyl  sulfide 

85,5 

59.5 

Ethoxypropoxymethane 

83 . 8 

81 

Ethylene  chloride 

80.7 

8 

Water 

82 

Fluorobenxenc 

80.2 

72 

3-Iodopropene 

78.2 

96 

n -Hexane 

65.7 

34 

1 -lodobutane 

96.2 

17.5 

Water 

82. 3 

55.9 

Nitromethane 

47 

2-Iodobutane 

94.2 

55 

1 -Iodo-2-methylpropane 

93.0 

20 

Water 

60 

Isobutyl  formate 

93.2 

60 

3-Pentanone 

ol  • 4 

30 

Isobutyronitrile 

95.0 

21 

Water 

94.6 

Methyl  acrylate 

70.9 

59.5 

Propyl  acetate 

82.2 

65 

3 -Methyl  - 2 -butanol 

93.  5 

25.3 

Water 

53 

Methyl  butyrate 

94.4 

88.6 

16.5 

Propyl  chloroacctate 

74 

Methyl  isobutyrate 

89.5 

32 

2-Pentanone 

96.0 

11.7 

Water 

37 

3 -Pentanone 

96.0 

68. 1 

Propyl  ether 

74 . 8 

1.5 

a-Pinene 

97.1 

13 

Water 

60 

Propyl  acetate 

94.2 

82 

Propyl  formate 

70.8 

91 

n-Propyl  bromide 

69.7 

90.2 

Propyl  formate 

80.6 

7 

Water 

71 . 6 

47.5 

Toluene 

92.4 

81 

T richloroethylene 

28.3 

Water 

87.7 
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ISOPROPYL  ALCOHOL 

Isopropanol,  Dimethyl  Corbinol,  2-Proponol  iCH2)2CHOH 


Table  6.61:  Physical  Properties  of  Anhydrous  Isopropyl  Alcohol  (31) 


Acidity,  as  acetic  acid 

Boiling  point  at  760  mm 
50  mm 
10  m rn 

Coefficient  of  expansion  at  55'C 
Color,  Pt-Co  scale 
Critical  pressure 
Critical  temperature 

Dielectric  constant  at  20“C 
40*C 
80“C 

Distillation  at  760  mm 

Fire  hazard 

Flash  point  (open  cup) 

Freezing  point 
Heat  of  combustion 


0.002%  by  wt,  max. 

82.  3"C 

27'C 

2“C 

0.00111 
10  max . 

53  atm  . 

234. 9*C 

18,  62 
16.24 
U . 91 

Distills  entirely  within 
1.0*C  range  which  in- 
cludes 82. 3“C 

Dangerous  when  exposed  to 
heat  or  open  flame 

70’F 
-87. 8-C 

7970  cal/g 
7942  cal/g 


Heat  of  fusion 
Heat  of  vaporization 

Lower  limit  of  flammability 
in  air 

MAC 

Molecular  weight 
Non-volatile  matter 
Odor 
Purity 

Refractive  index  at  20 *C 
Specific  gravity  at  20/20*C 
Specific  heat  at  20 *C 
Surface  tension  at  25*C 
Toxicity 

Vapor  pressure  at  20*C 
Viscosity  at  20*C 
Water  content 

Weight  per  gallon  at  20*C 
60T 


21  . 08  cal/g 
287  Btu/lb 

2 . 65%  vol . 

400  ppm  in  air 
60.09 

0.002  g/lOO  ml,  max. 
Non  -res  idual 
99.5%  - 99.9%  by  vol. 
1,3772 

0.7862  - 0.7867 
0.596  cal/g/*C 
20.3  dynes  /cm 

Moderate  by  ingestion; 
otherwise  slight 

33,0  mm  Hg 
2 . 4 cps  . 

0.5%  by  wt,  max. 

6.55  lb 
6.58  lb 


Table  6.62:  Physical  Properties  of  91%  Isopropyl  Alcohol  (31) 


Acidity,  as  acetic  acid 
Color,  Pt-Co  scale 
Distillation  at  760  mm 

Fire  hazard 

Flash  point  (open  cup) 
Non-volatile  matter 
Odor 

Permanganate  time 
Purity 

Specific  gravity  at  20/20*C 
Toxicity 

Water  content 

Weight  per  gallon  at  20*C 
60*F 


0.0024%  by  wt,  max. 

1 5 max. 

Distills  entirely  within  a 
1.0*C  range  which  in- 
cludes 80.4’C 

Dangerous  when  exposed  to 
heat  or  open  flame 

75*F 

0.005  g/lOO  ml,  max. 

Non -residual 

30  minutes,  minimum,  at 
15*C  when  using  the 
Barbel  end  point 

91 . 09%  by  volume  , min- 
imum, at  i5,56*C. 

0. 8175  - 0. 8185 

Moderate  by  ingestion; 
otherwise  slight 

97o  by  volume,  max. 

6.  81  lb 

6.84  lb 
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Table  6.63:  Specific  Gravity  of 


Specific 

20/20 -C 

Gravity 

% Vol. 

% Wt. 

1.000 

0.0 

0.0 

0.9990 

0.8 

0.6 

0.9980 

1.6 

1.3 

0.9970 

2.  4 

1.9 

0, 9960 

3.2 

2.  6 

0. 9950 

4.0 

3.  3 

0. 9940 

4.  8 

3.  9 

0. 9930 

5.6 

4.  5 

0.  9920 

6.  5 

5.  2 

0. 9910 

7.  3 

5.  8 

0. 9900 

8.  1 

6.  5 

0.9890 

8.9 

7.  1 

0. 9880 

9.8 

7.8 

0. 9870 

10.  6 

8.4 

0. 9860 

11.5 

9.  1 

0. 9850 

12.  3 

9.8 

0. 9840 

13.2 

10.  5 

0. 9830 

14.0 

11.2 

0.9820 

14.9 

11.9 

0. 9810 

15.7 

12.6 

0.9800 

16.6 

13.  3 

0. 9790 

17.4 

14.  1 

0.  9780 

18.  3 

14.8 

0. 9770 

19.  1 

15.  5 

0. 9760 

19.  9 

16.  2 

0. 9750 

20.8 

16.9 

0.9740 

21.7 

17.5 

0.  9730 

22.  5 

18.2 

0. 9720 

23.4 

18.8 

0.9710 

24.2 

19.4 

0.  9700 

25.  1 

20.1 

0.9690 

25.  8 

20.7 

0.  9680 

26.6 

21.  3 

0.9670 

27.  3 

22.  0 

0.9660 

28.  0 

22.6 

0.9650 

28.  7 

23.2 

0.  9640 

29.4 

23.8 

0.9630 

30.  1 

24.4 

0.9620 

30.  8 

25.0 

0. 9610 

31.4 

25.  6 

0. 9600 

32.  1 

26.2 

0.9590 

32.7 

26.7 

0.9580 

33.  3 

27,2 

0.  9570 

33.9 

27.7 

0.  9560 

34.5 

28.2 

0. 9550 

35.  1 

28.  7 

0. 9540 

35.7 

29.2 

0. 9530 

36.  3 

29.7 

0. 9520 

36.8 

30.3 

0.  9510 

37.4 

30.8 

0.9500 

38.0 

31.  3 

0. 9490 

38.  5 

31.8 

0. 9480 

39.0 

32.3 

0.9470 

39.6 

32.8 

0. 9460 

40,  1 

33.3 

0. 9450 

40.  6 

33.8 

0.9440 

41.  1 

34.  3 

0.  9430 

41.6 

34.8 

0.9420 

42.  1 

35.2 

0.9410 

42.7 

35.7 

0. 9400 

43.2 

36.  1 

0.9390 

43.  7 

36.6 

0. 9380 

44.2 

37,0 

0.9370 

44.7 

37,  5 

0.9360 

45.2 

38.0 

0.  9350 

45.6 

38.4 

0.9340 

46.  1 

38.8 

0.  9330 

46.6 

39.3 

0.  9320 

47.1 

39.7 

0.  9310 

47.  5 

40.2 

0.9300 

48.0 

40.  6 

0.9290 

48.  S 

41.1 

0. 9280 

48.9 

41.5 

0.9270 

49.4 

42.0 

0.9260 

49.8 

42.4 

0.  9290 

90.3 

42.9 

Isopropyl  Alcohol-Water  Mixtures 


Specific  Z0/20*C 

Gravity  % Vol.  % Wt. 


0.  9240 

50.  7 

43.  3 

0.  9230 

51.2 

43.  7 

0.9220 

51.6 

44.2 

0. 9210 

52.0 

44.6 

0. 9200 

52.  5 

45.0 

0.9190 

52.9 

45.  5 

0.9180 

53.  4 

45.9 

0.9170 

53. 8 

46.  3 

0. 9160 

54.2 

46.  7 

0. 9150 

54.7 

47.  2 

0. 9140 

55.  1 

47.6 

0. 9130 

55.  5 

48.0 

0. 9120 

56.  0 

48.  5 

0. 9110 

56.  4 

48.9 

0. 9100 

56.  4 

48.9 

0.9090 

57.3 

49.7 

0. 9080 

57.7 

50.2 

0.9070 

58.  1 

50.  6 

0.9060 

58.6 

51.0 

0. 9050 

59.0 

51.4 

0.9040 

59.  4 

51. 8 

0.9030 

59.8 

52.  3 

0.  9020 

60.3 

52.  7 

0. 9010 

60.  7 

53.  1 

0. 9000 

61. 1 

53.5 

0. 8990 

61. 5 

53.9 

0. 8980 

62.0 

54.  4 

0. 8970 

62.  4 

54.8 

0. 8960 

62.  8 

55.2 

0.  8950 

6J,  2 

55.  6 

0. 8940 

63.6 

56.0 

0. 8930 

64.  1 

56.  5 

0. 8920 

64.  5 

56.9 

0.  8910 

64.  9 

57.  3 

0.  8900 

65.  3 

57.  7 

0.  8890 

65.7 

58.  1 

0. 8880 

66.  1 

58.  6 

0. 8870 

66.  5 

59.0 

0. 8860 

66.  9 

59.  4 

0. 8850 

67,  3 

59.8 

0. 8840 

67,  7 

60.2 

0/8830 

68.  0 

60,  7 

0. 8820 

68.  4 

61.  1 

0. 8810 

68.  8 

61.3 

0. 8800 

69.2 

61.9 

0. 8790 

69.6 

62.  3 

0.  8780 

69.9 

62.8 

0, 8770 

70.  3 

63.2 

0.  8760 

70.  7 

63.6 

0.  8750 

71.1 

64.  0 

0.8740 

71.4 

64.  4 

0.  8730 

71. 8 

64.9 

0.  8720 

72.2 

65.  3 

0. 8710 

72.6 

65.7 

0. 8700 

72.9 

66.  1 

0. 8690 

73.  3 

66.  5 

0. 8680 

73.7 

67.0 

0.  8670 

74.0 

67.  4 

0. 8660 

74.4 

67.8 

0. 8650 

74.  8 

68.2 

0. 8640 

75.2 

68.6 

0. 8630 

75.  5 

69.  1 

0.8620 

75.9 

69.5 

0.8610 

76.  3 

69.9 

0. 8600 

76.6 

70.3 

0. 8590 

77.00 

70.75 

0. 8580 

77.36 

71.  17 

0, 8570 

77.72 

71,59 

0. 8560 

78.  08 

72.01 

0.  8550 

78.  44 

72.43 

0. 8540 

78.  80 

72.85 

0. 8530 

79.  16 

73.27 

0. 8520 

79.52 

73.69 

0.  8510 

79.88 

74.  11 

0.8500 

80.  24 

74.  54 

(8) 


Specific  20/20  “C 


Gravity 

% Vol. 

% Wt. 

0.  8490 

80.  60 

74.  95 

0.  8480 

80.  96 

75.  37 

0.  8470 

81.  32 

75.  79 

0.  8460 

81.68 

76.21 

0.  8450 

82.04 

76.  63 

0, 8440 

82.  40 

77,04 

0. 8430 

82,76 

77.  45 

0. 8420 

83.  12 

77.  86 

0. 8410 

83.  48 

78,27 

0.  84ao 

83.  84 

78.  68 

0.  8390 

84.  20 

79.  09 

0.  8380 

84.  55 

79.  50 

0.  8370 

84.  90 

79.  91 

0.  8360 

85.  25 

80.  32 

0.  8350 

85.  60 

80,  73 

0.  8340 

85.  95 

81.  14 

0, 8330 

86.  30 

81,  55 

0.  8320 

86.65 

81. 96 

0. 8310 

87.  00 

82.  37 

0. 8300 

87.  33 

82.  78 

0.  8290 

87.69 

83.  19 

0. 8280 

88.  03 

83.60 

0.  8270 

88.  36 

84.  01 

0. 8260 

88.  69 

84.  42 

0.  8250 

89.02 

84.  83 

0.  8240 

89.  35 

85.24 

0. 8230 

89.68 

85.65 

0.  8220 

90.01 

86.06 

0. 8210 

90.  34 

86.47 

0.  8200 

90.67 

86.  88 

0.8190 

91.00 

87.29 

0.8180 

91.  32 

87,  70 

0.8170 

91.63 

88.  10 

0.  8160 

91.93 

88.  50 

0.  8150 

92.23 

88.90 

0.  8140 

92,  53 

89.  30 

0.  8130 

92.  83 

89.70 

0.  8120 

93.  13 

90.  10 

0.8110 

93. 43 

90,  50 

0.  8100 

93.  72 

90.  90 

0.  8090 

94.01 

91.  30 

0.  8080 

94.  30 

91.70 

0.  8070 

94.  58 

92.  10 

0. 8060 

94.  86 

92.49 

0.8050 

95.  14 

92,  88 

0. 3040 

95.  42 

93.27 

0. 8030 

95.69 

93.66 

0. 8020 

95,  96 

94.04 

0. 8010 

96.23 

94.  42 

0. 8000 

96.  50 

94.  80 

0.7990 

96.  77 

95.  18 

0.7980 

97.04 

95.  56 

0.7970 

97.  31 

95.94 

0. 7960 

97.  57 

96.  32 

0.7950 

97,83 

96.70 

0. 7940 

98.  08 

97.08 

0.7930 

98,  33 

97.46 

0. 7920 

98.  58 

97.84 

0.7910 

98.  83 

98,22 

0. 7900 

99.08 

98.60 

0. 7890 

99.  33 

98.98 

0.7880 

99.  58 

99.  36 

0.7870 

99.83 

99.74 

0. 7863 

100.00 

100.00 

Gravity-temperature  coefficient  of 
i00«  alcohol  20.22  - . 00086/ -C 
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Table  6.64:  Vapor-LIquId  Compositions  of  Table  6.65:  Refractive  Index  vs  Composition  of  Iso- 

Isopropyl  Alcohol-Water  Mixtures  propyl  Alcohol-Water  Mixtures  at  25°C  (19) 

and  Their  Boiling  Points  (8) 
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Table  6.67:  Azeotropes  of  Isopropyl  Alcohol  (31) 


ISOPROPYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH:  ISOPROPYL  ALCOHOL  FORMS  TERNARY  AZEOTROPES  WITH: 


% 

B.P. 

of  Azeotrope  * C 

% 

B.P.  of  Azeotrope 

56 

Acrylonitrile 

71 . 7 

7.5 

Water 

66.7 

Benzene 

71.9 

73.8 

Benzene 

66.  5 

66 

2 - Bromobutane 

77.5 

7.  5 

Water 

68 

2 -Batanone 

77.9 

64.8 

74 

Cyclohexane 

40 

n-Butylamine 

84.  7 

28.  1 

Butyl  isopropyl  ether 

79.0 

7.  5 

Water 

A I 1 

92 

Carbon  disulfide 

44.6 

71 

Cyclohexene 

O i • i 

82 

Carbon  tetrachloride 

67.0 

10 

Water 

77 

I -Chlorobutane 

70.8 

9.3 

Diisobutylene 

72.3 

82 

2 -Chlorobutane 

64.0 

10.4 

Water 

57 

1 - Chloro-  3 - metliylbutane 

79.2 

67.7 

Ethyl  butyl  ether 

73.4 

64 

1,  3 -Cyclohexadiene 

70.4 

7.7 

Water 

67 

C yclohexane 

68.6 

69.  7 

73.3 

Ethylene  dichloride 

73 

Cyclohexene 

70.  5 

48 

Diethoxym  ethane 

79.6 

1 1 

Wate  r 

45.5 

Diisobutylene 

77.8 

76 

Isopropyl  acetate 

75.  5 

91 

2,  3 -Dimethylbutane 

53.8 

4.7 

Water 

22 

1,  3-Dimethylcyclohexane 

81.0 

88 

Isopropyl  ether 

61.6 

38 

2,  5 -Dimethylhexane 

79.0 

6 

Water 

74 

Ethyl  acetate 

74,0 

78.  0 

32 

Nitromethane 

90 

Ethyl  propyl  ether 

62.0 

48 

Ethyl  sulfide 

78.0 

13.  1 

Water 

60.8 

Ethylene  dichloride 

72,7 

48.  7 

T oluene 

76.  3 

70 

Fluorobenzcne 

74.  5 

49.  5 

n -Heptane 

76.4 

77 

Hexane 

62.7 

30 

1 -Iodo-2  -methylpropane 

81.5 

81 

Isobutyl  chloride 

63.8 

47.7 

Isopropyl  acetate 

80.  1 

83.  7 

Isopropyl  ether 

66.2 

53.5 

Methyl  acrylate 

76.0 

47 

Methylcyclohexane 

77.6 

75 

Methylcyclopentane 

63.  3 

70 

Methyl  ethyl  ketone 

77.  3 

35 

Methyl  isobutyratc 

81  . 4 

62 

Methyl  propionate 

76.4 

16 

Octane 

81  . 3 

94 

Pentane 

j5.  5 

48 

Propyl  ethc  r 

78.2 

64 

Propyl  formate 

76.9 

19 

Tetrachloroethylene 

81  . 7 

57 

Thiophene 

76.0 

31 

Toluene 

80.6 

72 

Trichloroethylene 

74.0 

77.6 

Vinyl  acetate 

70.8 

J2.2 

Water 

79.5 

DILUTION  RATIO 
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Table  6.68:  The  Effect  of  Isopropyl  Alcohol  on 
the  Dilution  Ratio  of  Solvents  (14) 


Table  6.70:  Methanol-Isopropyl  Alcohol:  Bolling 

Point  vs  Composition  at  760  mm  Hg  (19) 


tHCTHANOL.  MOL  P£R  CENT 


METHANOL.  PER  CENT  wCtCHT 


Table  6.69:  Viscosity  of  RS  Vt  Sec.  Nitrocellulose 
In  Mixtures  of  Toluene,  Isopropyl 
Alcohol  and  Methyl  Isobutyl  Ketone  (14) 


Table  6.71:  Methanol-Isopropyl  AlcohohLIquId- 
Vapor  Equilibria  at  Atmospheric 
Pressure  (19) 


Coflipoiition  at  200  mm.  Hg;  43.9  moi  par  coni  in  liquid, 
60.9  mol  per  cent  in  vapor.  boproponoi'Wotor  axootrope 
contain*  68.3  mol  per  cent  iioproponei. 


por  Pressure,  mm  Hg 


Table  6.72:  Vapor  Pressure  of  Isopropyl  Alcohol 
(Anhydrous)  and  sec-Butyl  Alcohol 
at  Various  Temperatures  (8J 


Temperature,  *C 


Specific  Gravity,  t/20®C 


Table  6.73:  Specific  Gravities  of  Alcohols  vs  Temperature  (8J 


Temperature,  °C 
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n-BUTYL  ALCOHOL 

n-Butanol,  Butanol-1,  Butyric  Alcohol 

Table  6.74:  Physical  Properties  of  n-Butyl  Alcohol  (31) 

PHYSICAL  PROPERTIES  OF  r 

Acidity  as  acetic  acid 
Aldehydes 

Boiling  point  at  760  mm 
Chlorides 

Coefficient  of  cubical  expansion 
per  *C 
per  T 

Colour  Pt-Co 
Critical  pressure 
Critical  temperature 
Dielectric  constant  at  25*C 
Distillation  range  (including  117.7*C) 
Electrical  conductivity  at  25*C 

Explosive  limits  in  air,  Lower 
Uppc  r 

Fire  hazard 

Flash  point,  Tag  open  cup 
Freezing  point 
Heat  of  combustion 
Heat  of  fusion 

Heat  of  vaporization  at  boiling 
point 

Ignition  temperature 

Iron 

MAC 

Melting  point 
Molecular  weight 
Non-volatile  matter 
Odor 

Refractive  index  at  20*C,  nj) 

Relative  evaporation  rate, 
n-butyl  acetate  = 1 

Solubility  in  water  at  20*C 

Solubility  of  water  in 
n-Butanol  at  20*C 

Specific  gravity  at  20/20*C 
Specific  heat  of  liquid  at  20 “C 
Sulfuric  acid  test  (Pt-Co) 

Surface  tension  at  20 *C 
Suspended  matter 
Toxicity 

Vapor  pressure  at  20*C 
40  *C 
60*C 
75*C 
100. 8*C 

Viscosity  at  20*C 

Water  content 

Weight  per  gallon  at  20*C 


CH3CH2CH2CH2OH 


-BUTYL  ALCOHOL 

0. 005%  by  wt,  max. 
None 
1 17. 7*C 
None 

0.00093 

0. 00052 

1 0 max. 

48.4  atm 
287*C 
16.  1 

1 . 5*C  max. 

9.12  x 10"’  reciprocal 
ohms 

I. 45%  by  vol. 

II, 25%  by  vol . 

Mode  rate 
115*F 
-89.0*C 
8626  cal/g 
29.9  cal/g 

141.3  cal/g 
367*C 
None 

100  ppm  in  air 
-89.8‘C 

74.12  calculated 
0.005  g/lOO  ml,  max. 

Characteristic,  non- 
residual 

1.3992 

0.45 

7 . 8%  by  wt 

20.  1%  by  wt 
0.8109 
0.563  cal/g 
25  max. 

24. 6 dynes/cm 
Substantially  free 

Moderately  toxic  by 
inhalation,  ingestion 
and  skin  absorption 

4.39  mm  Hg 

18.6  mm  Hg 
59. 2 mm  Hg 

131.3  mm  Hg 
400 . 0 mm  Hg 

2.948  centipoises 
0 . 1 0%  by  wt , max . 

6.  756  lbs 


Table  6.75:  Vapor  Pressure  of  Butyl  Alcohol 
at  Various  Temperatures  (19) 


Table  6.76:  Solubility  of  Water  In  Butyl  Alcohol 
at  Various  Temperatures  (19) 
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Table  6.77:  Solubility  of  Butyl  Alcohol  In  Water  at  Various  Temperatures  (19) 


Table  6.78:  Azeotropes  of  n-Butyl  Alcohol  (31) 

n -BUTYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH; 


% 

B.P. 

of  Azeotrope  *C 

% 

B.P.  of  Azeotrope  *C 

87 

Acetal 

101.0 

60 

Methyl  isovalerate 

116.3 

68.  S 

1 -Bromo-3-methylbutane 

110.7 

70 

4-Methyl -2 -pentanone  114.4 

32.8 

Butyl  acetate 

117.6 

50 

Octane 

110.2 

12 

Butyl  ether 

117.3 

48 

Paraldehyde 

115.8 

76.4 

Butyl  formate 

105.8 

12 

O'Pinene 

117.4 

92.2 

Butyl  vinyl  ether 

93.3 

29 

Pyridine 

118.  7 

2 

Cam  phene 

117.8 

21 

Styrene 

116.5 

44 

Chlorobenzene 

115.  3 

68 

Tetrachloroethylene 

110.0 

88 

1 -Chloro-3-methylbutane 

97.0 

73 

Toluene 

105.6 

90 

Cyclohexane 

79.8 

25 

o-Xylene 

116.8 

95 

Cyclohexene 

82.0 

32 

p-Xylene 

115.7 

17.  5 

Dibutyl  ether 

117,6 

57 

1,  3 -Dimethylcyclohexane 

108,  5 

72 

2,  5-Dimethylhexane 

101.9 

48 

Ethyl  borate 

113.0 

36 

Ethyl  butyrate 

115.7 

n-BUTYL 

ALCOHOL  FORMS  TERNARY 

AZEOTROPES  WITH: 

37 

Ethyl  carbonate 

116.5 

83 

Ethyl  isobutyrate 

109.2 

% 

B.P.  of  Azeotrope  *C 

82 

Heptane 

93.3 

37.3 

Water 

97 

Hexane 

67.0 

35.  3 

Butyl  acetate 

89.4 

18.2 

2 -Hexanone 

116.5 

41.8 

Water 

20 

3 -Hexanone. 

117.2 

93 . 1 

7.9 

Butyl  chloroacctate 

22 

1 -Iodo-3-methylbutane 

117.3 

31 

Isoamyl  formate 

115.9 

29.3 

Water 

50 

Isobutyl  acetate 

114.  5 

27.7 

Butyl  ether 

91 .0 

52 

Isobutyl  ether 

113.5 

21.3 

Water 

46 

Isopropyl  isobutyrate 

115.5 

68.  7 

Butyl  formate 

83.6 

55 

Isopropyl  sulfide 

112.0 

86 

Methylcyclohe  xane 

95.3 

3 . 1 

Water 

64.  7 

85.0 

Carbon  tetrachloride 

92 

Methylcyclopentane 

71.8 
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ISOBUTYL  ALCOHOL 

Isobutanol,  2-Methyl  Propanol -1,  Isopropyl  Carbinol  (CH3)2CHCH20H 

Table  6.79:  Physical  Properties  of  Table  6.80:  Azeotropes  of  Isobutyl  Alcohol  (31) 

Isobutyl  Alcohol  (31) 


Alkalinity 

0 . 003%  by  wt , max . 

ISOBUTYL 

ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH: 

Boiling  point  at  760  mm 
Coefficient  of  cubical 

107. 9*C 

% 

B.P. 

of  Azeotrope  *C 

"expansion  at  10  to  30*C 

0.95  X 10'* 

90.7 

Benzene 

79.9 

Color,  APHA 

1 0 max. 

36.4 

1 -Bromo-3  -methylbutane 

103.4 

Critical  pressure 

48  atm 

60 

Butyl  formate 

103.0 

Critical  temperature 

265*C 

37 

Chlorobenzene 

107.1 

Distillation  range  ( including 
107.9*0 

2 ’ C max. 

78 

1 -Chloro-3  -methylbutane 

94.5 

88 

1,  3-Cyclohexadiene 

79.4 

Electrical  conductivity  at  25*C 
Evaporation  rate 

8 X 10"*  mho  per  cm. 

86 

85.8 

Cyclohexane 

78.1 

(n-Butyl  Acetate  = 1.0) 

0.8 

Cyclohexene 

80.5 

Explosive  limits  in  air. 

44 

1 , 3 -Dimethylcyclohexane 

102.2 

lower  limit 

1.68%  by  volume 

48 

Ethyl  isobutyrate 

105.  5 

Fire  hazard 

Moderate 

87 

Ethyl  propionate 

98.9 

Flash  point,  Tag  open  cup 

103*F 

91 

Fluorobenzene 

84.0 

Heat  of  combustion 

6382  cal/g 

73 

Heptane 

90.8 

Heat  of  vaporization  at  boil- 
ing point 

Ignition  temperature 

1 38  cal/g/mole 
440'C 

97.5 

45 

79.4 

Hexane 

Isobutyl  acetate 

68.3 

107.4 

-108*C 

Isobutyl  formate 

97.8 

Melting  point 

93.8 

74.12  calculated 

Isobutyl  vinyl  ether 

82.7 

Molecular  weight 

0.001  g/lOO  ml,  max. 

27 

Isopropyl  sulfide 

105.8 

Non-volatile  matter 
Refractive  index  at  20*C,  njj 

75 

101.3 

1.3959 

Methyl  butyrate 

8,8  ml  per  100  ml 

68 

Methylcyclohexane 

92.6 

Solubility  in  water  at  25* C 

Solubility  of  water  in  isobutyl 

95 

Methylcyclopentane 

71.0 

alcohol  at  25 *C 

20, 0 ml  per  100  ml 

10 

Methyl  isovalerate 

107.5 

Specific  gravity  at  20/20 *C 

0.8034 

9 

4 -Methyl-2  -pentanone 

107.9 

Specific  heat  at  15*C 

0.716  cal/g/*C 

81 

2 -Pentanone 

101.8 

Surface  tension  at  20 *C 

22. 8 dynes/cm 

80 

3 -Pentanone 

101.7 

Toxicity 

Highly  toxic  by  in- 

68 

Pinacolone 

105.5 

halation  or  ingestion 

83 

Propyl  acetate 

101.0 

Vapor  density  (Air  =1.0) 

2.55 

90 

Propyl  ether 

89.5 

Vapor  pressure  at  20*C 

8. 8 mm 

55 

Toluene 

101.2 

Viscosity  at  20  *C 

6. 68  centipoiscs 

73 

2,2,4  -Trimethylpentane 

92.0 

Water  content 

0. 2%  by  wt,  max. 

Weight  per  gallon  at  20 *C 

6.68  lbs 

ISOBUTYL 

ALCOHOL  FORMS  TERNARY  AZEOTROPES  WITH: 

30.4 

Water 

86.8 

46.5 

Isobutyl  acetate 

33.6 

Water 

90.2 

13.3 

Isobutyl  chloroacetate 

17.3 

Water 

80.2 

76 

Isobutyl  formate 
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Table  6.81:  Relative  Evaporation  Rates  of  Various  Butyl  Alcohols  and  Acetates  (41) 


sec-BUTYL  ALCOHOL 

sec-Butanol,  Butanol -2,  Methyl  Ethyl  Carbinol  CH3CHOHCH2CH3 

Table  6.82:  Physical  Properties  of  sec-  Table  6.83:  Azeotropes  of  sec-Butyl  Alcohol  (31) 

Butyl  Alcohol  (31) 


Acidity  acetic  acid 

0.003%  by  wt,  max. 

Boiling  point  at  760  mm 

99.5*C 

Coefficient  of  cubical 
expansion  at  20 *C 

0.00101*C 

Color » Pt*Co  (Hasen) 

10  max. 

Critical  pressure 

46.9  atm 

Critical  temperature 

265.19'C 

Distillation  range 

98. 0-101. 0*C 

Fire  hasard 

Dangerous  when  exposed 
to  heat  or  flame 

Flash  Point,  Tag  open  cup 
Tag  closed  cup 

80*F 

75*F 

Freexing  point 

-114. 7*C 

Heat  of  vaporisation  at  1 atm. 

134.4  g cal/g 

Molecular  weight 

74.12 

Non-volatile  matter 

0.002  ml,  max. 

Purity 

99.0%  min. 

Refractive  index  at  20  *C  no 

1.39719 

Relative  evaporation  rate, 
n -Butyl  acetate  - 100 

120 

Solubility  in  water  at  20 *C 

22.5%  by  wt 

Solubility  of  water  in,  at  20*C 

60.0%  by  wt 

Specific  gravity  at  20/20*C 

0.8079 

Specific  heat  at  8.5*C 

0.596 

Surface  tension  at  20*C 

23.0  dynes/cm 

Toxicity 

Moderate 

Vapor  pressure  at  20*C 

12.1  mm 

Viscosity  at  20 *C 

3.78  cps. 

Water,  presence  of 

Miscible  without  tur- 
bidity with  1 9 vol . 
of  n -heptane  at  20  *C 

Weight  per  gallon  at  20*C 

6.73  lb 

• cc -BUTYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH: 


% 

B.P. 

of  Aseotrope 

61 

tert-Amyl  ethyl  ether 

94.5 

93 

tert-Amyl  rnethyl  ether 

86.0 

84.6 

Bensene 

78.6 

13.7 

sec-Butyl  acetate 

99.6 

32 

Butyl  formate 

98.0 

71 

1 -Chloro-3-methylbutane 

91.5 

79 

Cyclohexene 

78.7 

46 

2,  5-Oimethylhexene 

93.0 

53 

Ethyl  propionate 

95.7 

68 

Ethyl  sulfide 

89.0 

62 

Heptane 

89.0 

92 

Hexane 

67.2 

60 

Isobutyl  formate 

94.7 

41 

Methyl  butyrate 

97.7 

59 

Methylc  yc  lohe  xane 

89.9 

88.5 

Methylcyclopentane 

69.7 

77 

Methyl  isobutyrate 

92.0 

42 

3-Pentanone 

98.0 

16 

Pinacolone 

99.1 

48 

Propyl  acetate 

96.5 

78 

Propyl  ether 

87.0 

45 

Toluene 

95.3 
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tert-BUTYL  ALCOHOL 

tert-Butanol,  2-Methyl  Propanol-2  (CH3)3COH 


Table  6.84:  Physical  Properties  of  tert-  Table  6.85:  Azeotropes  of  tert- 

Butyl  Alcohol  (31)  Butyl  Alcohol  (31) 


Acidity  as  acetic  acid 

0.003%  by  wt,  max. 

tert-BUTYL 

ALCOHOL  FORMS  BINARY  AZEOTROPES  WlTl 

Boiling  point  at  760  mm 
Coefficient  of  cubical  expansion 

82. 36*C 

% 

B.P. 

of  Azeotrope 

at  26*C 

0.00132*C 

63.4 

Benzene 

74.0 

Color,  Pt-Co  (Hazen)  max. 

10  max. 

94 

Carbon  disulfide 

45.7 

Compressibility  at  20*C, 

76 

Carbon  tetrachloride 

29.5 

between  100-500  megabars 

79.6  X 10"*  megadynes/cm 

41 

1 -Chloro-3-methylbutane 

81.2 

Critical  pressure 

46  atm 

61.5 

1,  3-Cyclohexadiene 

73.4 

Critical  temperature 

234. 9*C 

63 

Cyclohexane 

71.3 

Dielectric  constant  at  19"C  (audio) 

11.4  cgs  units 

60 

Cyclohexene 

73.2 

Distillation  range 

81.5-83.0*C 

93 

Cyclopentane 

48.2 

Dipole  moment 

1.65  X 10^* 

65 

Dibromodichloromethane 

79.0 

Fire  hazard 

Dangerous  when  exposed 
to  heat  or  flame 

94 

1,  1 -Dichloroethane 

57,  1 

Flash  point,  Tag  open  cup 

60* F ( approx.  ) 

33 

Diisobutyl  alcohol 

81.5 

Tag  closed  cup 

48*F  (approx. ) 

87 

2,  3-Dimethylbutane 

55.3 

Freezing  point 

25. 57*C 

10 

1 , 3-Dimethylcyclohexane 

82.2 

Heat  of  combustion 

23 

2,  5-Dimethylhexane 

81.5 

Liquid  at  constant  volume 
constant  pressure 

6290  cal/g 
6302  cal/g 

75 

Ethyl  acetate 

76.0 

Vapor  at  constant  pressure 

6426  cal/g 

38 

Ethyl  nitrate 

78.0 

Heat  of  fusion  at  25.5*C 

21.88  cal/g 

30 

Ethyl  sulfide 

79.8 

Heat  of  solution  at  15*C, 

69 

Fluorobenzene 

76.0 

of  the  solid  alcohol  in  water 

3.23  kg  cal 

38 

Heptane 

78.0 

Heat  of  vaporization  at  1 atm. 

130.6  g cal/g 

78 

Hexane 

63.7 

Melting  point 

25.57*C 

83 

Isobutyl  chloride 

65.5 

Molecular  weight 

74.12 

34 

Methylcyclohexane 

78.8 

Molecular  volume,  20/Vj^ 

94.3  cc 

74 

Methylcyclopentane 

66.6 

Non-volatile  matter 

0.002  g/lOO  ml,  max. 

70 

Methylcyclopentene 

69.5 

Purity 

99.0%  by  wt,  min. 

Refractive  index  at  20 *C,  nj) 

1.3841 

Solubility  at  20*C,  in  water 

Complete 

water  in 

Complete 

Specific  heat  at  26* C 

0.  726  g cal/g 

Specific  gravity  at  26/4 *C 

0.7793 

Surface  tension  at  20  *C 

20.7  dynes 

34. 5*C 

19.45  dynes 

80*C 

14,6  dynes 

Toxicity 

Moderate 

Vapor  pressure  at  30*C 

57.  3 mm 

Viscosity  at  30 *C 

3.316  cps , 

Water 

Miscible  without  turbid- 

ity  with  1 9 vol , of 
n-heptanc  at  20*C 


Weight  per  gallon  at  26* C 


6.  50  lb 
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PRIMARY  AMYL  ALCOHOL 

Primary  amyl  alcohol,  a mixture  of  isomers  all  of  which  are  primary  alcohols, 
is  composed  of  approximately  60%  pentanol-1  (CH3CH2CH2CH2CH2OH); 

35%  2-methyl  butanol-1  (CH3CH2CH(CH3)CH20H);  and  5%  3-methyl  butanol-1 

(CH3CH(CH3)CH2CH20H). 


Table  6.86:  Physical  Properties  of  Primary  Amyl  Alcohol  (19) 


Acidity  as  acetic  acid 

Boiling  point  at  760  mm 
50  mm 
10  mm 

Carbonyl,  as  aldehyde 
Coefficient  of  expansion  at  20 *C 
Color,  Pt-Co 

Distillation  at  760  mm  Ibp 
Dp 

Fire  hazard 

Flash  point  (open  cup) 

Freezing  point 

Heat  of  vaporization  at  133*C 
Purity,  as  primary  amyl  alcohols 
Refractive  index  at  20  *C,  nj> 
Solubility  in  water  at  20 *C 
Solubility  of  water  in,  at  20 *C 
Specific  gravity  at  20/20*C 


0 . 0 1 % by  wt , max . 

133. 1*C 

68*C 

39*C 

0.20%  by  wt,  max. 
0.00092  per  *C 
15, max. 

127. 5*C 
139.0*C,  max. 

Moderate 

118*F 

Sets  to  glass  below 
-90-C 

242  Btu/lh 

98.0%  by  wt,  min, 

1.4084 

1 . 7%  by  wt 

9.2%  by  wt 

0.8134 


PRIMARY  n-AMYL  ALCOHOL 

Table  6.87:  Physical  Properties  of  Primary  n-Amyl  Alcohol  (31) 


Acidity  (mg  KOH/g) 

Boiling  point 
Clarity 

Coefficient  of  expansion 
per  *C 

Distillation,  initial 
final 

Fire  point 

Fire  hazard 

Flash  point  (open  cup) 

Heat  of  vaporization 

Melting  point 

Molecular  weight 

Non 'Volatile  matter  at  100*C 

Refractive  index  at  20*C 

Specific  gravity  at  20/20*  C 

Specific  heat 

Toxicity 

Viscosity  at  25* C 
60*C 

Weight  per  gallon 


0.06  max. 

137. 8*C 

No  turbidity  or  sus- 
pended matter 

0.00092 

Not  below  134.8*C 
Not  above  140. 0*C 

140*F 

Moderate 

135*F 

120.6  cal/g  (cal- 
culated) 

-78.5*C 

88.15  (calculated) 

5.0  mg/lOO  ml,  max. 
1.4099 
0.82 

0.712  cal/g 

Highly  toxic  by  inhal  - 
ation  and  ingestion 

3.31  centipoises 
1 . 33  centipoises 

6.82  lbs 


sec-AMYL  ALCOHOL 


Table  6.88:  Physical  Properties  of  sec- 
Amyl  Alcohol  (31) 


Acidity  as  acetic  acid 

0 . 0Z%  max. 

Boiling  point 
Coefficient  of  expansion 

119.  3*C 

per  1 • F 

0.00053 

l*C 

0.00095 

Distillation  range 
Evaporation  rale  at  9U*F 

105*  - 125*C 

in  minutes : 5% 

2.  25 

11.75 

50% 

24.25 

75% 

38.25 

90% 

50.25 

95% 

56.  50 

Flash  point,  Open  cup 

105*F 

Fire  hazard 

Mode  rate 

Heat  of  vaporization 

97. 8 cal/g  ( cal- 
culated ) 

Non-volatile  at  100*C 

0.003  g/100  cc  max. 

Purity 

99%  by  wl , min  . 

Refractive  index  at  Z5*C,  njj 

1.4041 

Solubility  of  water  in 

8. 2%  by  vol . 

Specific  gravity  at  20*C 

0.811 

Toxicity 

Highly  toxic  by  ingesli 
and  inhalation 

Weight  per  gallon  at  20*C 

6.  75  lbs 

Table  6.89:  Azeotropes  of  sec- Amyl  Alcohol  (31) 


sec-AMYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH; 


% 

B.P.  of  Azeotrope  *C 

45 

Chlorobenzene 

118.2 

62 

1 , 3 -Dim  ethyl  cyclohexane  113,0 

33 

Ethylbenzene 

118.0 

53 

Ethyl  buty  rat  e 

118.  5 

65 

Heptane 

96.0 

68 

Isobutyl  acetate 

116.5 

59 

Isobutyl  ether 

115.0 

82 

Methylcyclohexane 

98.6 

80 

Methyl  iaovalerate 

115.8 

44 

Octane 

114.8 

72 

Toluene 

107.0 

30 

m -Xylene 

118.3 
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sec-n-AMYL  ALCOHOL 

Table  6.90:  Physical  Properties  of  sec-n-Amyl  Alcohol  (31) 


Acidity  as  acetic  acid 
Boiling  point 

Coefficient  of  expansion 
per  *C 

Distillation,  9S% 

Fire  hazard 
Flash  point 
Freezing  point 
Heat  of  vaporization 
Non-volatile  at  100*C 
Refractive  index  at  20*C 
Specific  gravity  at  20 *C 
Toxicity 

Viscosity  at  25*C 
60*C 

Weight  per  gallon  at  20*C 


0. 06%  max. 

115. 6*C 

0,00149 

Between  113.6  - 117. 6*C 

Mode  rate 

100*F 

Less  than  -75*C 
96.8cal/g  (calculated) 
0.003  g/lOO  cc  max. 
1.4098 
0.82 

Highly  toxic  by  inhalation 
and  ingestion 

4.12  centipoises 
1 . 09  centipoises- 

6.81  lbs 


Table  6.91:  Azeotropes  of  sec-n-Amyl  Alcohol  (31) 


sec -n -AMYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITHr 


% 

D.P.  of  Azeotrope  *C 

97 

Cyclohexane 

80.0 

80 

Heptane 

96.0 

77 

Methylcyclohexane 

97.4 

65 

4 -Methyl -2  -pentanone 

115.0 

65 

Toluene 

106.0 
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tert-AMYL  ALCOHOL,  REFINED 

2-Methyl  Butanol-2,  Dimethylethyl  Carbinol,  Amylene  Hydrate,  tert-Pentanol 


Table  6.92:  Physical  Properties  of  Refined  tert-Amyl  Alcohol  (3  If 


Acidity  as  acetic  acid 
Boiling  point 
Clarity 

Coefficient  of  expansion 
per  "C 

Distillation,  95%  between 
Fire  hazard 

Flash  point,  Open  cup 
Freezing  point 
Heat  of  vaporization 
Molecular  weight 
Neutralization  value,  mg  KOH/g 
Non-volatile  matter 
Odor 

Refractive  index  at  20*C 
Specific  gravity  at  20/20* C 
Specific  heat 
Toxicity 

Viscosity  at  25*C 
at  63*C 

Water  content 

Water  tolerance,  water 
per  100  cc  alcohol 

Weight  per  gallon 


0, 1 5%  max, 

101. 8*C 

No  turbidity  or  sus- 
pended matter 

0.00133  (calculated) 
98.8  - 103. 8*C 

Dangerous  when  exposed 
to  heat  or  flame 

70*F 

-11.9*C 

93.4  cal/g 

88.15  (calculated) 

0.06  max. 

0.003  g/lOO  cc,  max. 
Camphor  -like 
1.4052 
0.81  - 0.82 
0.753  cal/g 
Moderate 

3. 70  centipoises 
0 . 99  centipoises 

None 

18.0  min. 

6.75  lbs 


Table  6.93:  Azeotropes  of  tert-Amyl  Alcohol  (31) 

t«rt-AMYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH; 
% B.P.  of  Aaeotrope 


85 

Benzene 

80.0 

85 

1, 3*Cyclohexadiene 

79.7 

84 

Cyclohexane 

78.5 

83 

Cyclohexene 

80.8 

32 

1 , 3 -Dimethylcyclohexane 

101.1 

50 

2,  5-Dimethylhexane 

97.0 

73,5 

Heptane 

92.2 

96 

Hexane 

68.3 

60 

Methylc  yc  lohexane 

92.0 

95 

Methylc  yclope  ntane 

71.5 

25 

Octane 

101.1 

80 

Propyl  ether 

88.8 

44 

Toluene 

100.5 

(CH3)2C0HCH2CH3 
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ISOAMYL  ALCOHOL 

3-Methyl -1 -Butanol,  Primary  Isoamyl  Alcohol,  Isobutyl  Carbinol  (CH2)2CHCH2CH20H 


Table  6.94:  Physical  Properties  of  Isoamyl  Table  6.95:  Azeotropes  of  Isoamyl  Alcohol  (31) 

Alcohol  (31) 


Acidity  as  acetic  acid 

0.01%  max. 

ISOAMYL 

ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH: 

Boiling  point  at  760  mm 

131 .4'C 

% 

B.P. 

of  Azeotrope  *C 

Coefficient  of  expansion 

per  "C 

0.00090 

15 

Bromobenzene 

131.7 

per  *F 

0.00050 

82.5 

Butyl  acetate 

125.9 

Color,  APHA 

No.  10  max. 

35 

Butyl  ether 

129.  8 

Critical  temperature 

307*C 

76 

Camphene 

130.9 

Distillation  range,  below  128*C 

None 

above  132*C 

None 

66 

Chlorobenzene 

124.4 

Dryness 

A 5 ml.  sample  is  clearly 

6 

Cumene 

131.6 

miscible  with  at  least 

73 

1,  3-Dimethylcyclohexane 

116.6 

19  parts  of  60  Be'  gas- 

oline at  60  *F 

85 

2,  5-Dimethylhexane 

107.6 

Esters 

Not  more  than  0.060%  as 

42 

Ethyl  is  ovale  rate 

130.5 

amyl  acetate 

93 

Heptane 

97.7 

Fire  hasard 

Moderate 

2.6 

Isoamyl  acetate 

129.  1 

Flash  point.  Open  cup 

125*F 

74.5 

Isoamyl  formate 

123.6 

Heat  of  combustion 

794.5  gram  calories 

88 

Isoamyl  vinyl  ether 

112.1 

per  gram 

78 

Isobutyl  ether 

119.8 

Latent  heat  of  vaporization 

105.4  gram  calories 

per  gram 

28 

Isobutyl  propionate 

131.2 

MAC 

100  ppm  in  air 

76 

Mesityl  oxide 

129.2 

Melting  point 

-117. 2’C 

87 

Methylcyclohexane 

98.2 

Molecular  weight 

88.15 

65 

Octane 

120.0 

Non-volatile  matter 

0 . 003%  ma:.:. 

78 

Paraldehyde 

123.5 

Odor 

Alcoholic , non  - residual 

26 

o-Pinene 

137.7 

Refractive  index  at  20 “C 

1.4014 

47 

Propyl  isobutyrate 

130.2 

Solubility  in  water  at  14*C 

2 . 0%  by  wt 

21 

Propyl  sulfide 

130.5 

Specific  gravity  at  20/20 *C 

0.810  - 0.813 

95 

2,  2,  4-Trimethylpentane 

99.0 

Specific  heat  at  20 *C 

0.544  gram  calories 

48 

0-,  m - , or  p-Xylene 

125-126 

per  gram  per  *C 

Surface' tension  at  20 *C 

23.8  dynes  per  cm 

ISO  AMYL 

ALCOHOL  FORMS  TERNARY  AZEOTROPES  WITH: 

Toxicity 

Highly  toxic  by  ingestion 

and  inhalation 

% 

B.P. 

of  Azeotrope  *C 

Vapor  pressure  at  20*C 

2. 8 mm  Hg 

44.8 

Water 

Viscosity  (absolute)  at  23. 8*  C 

3 . 86  centipoises 

24.0 

Isoamyl  acetate 

93.6 

Weight  per  gallon  at  20 *C 

6. 76  lbs  approx. 

46.2 

Water 

6.5 

Isoamyl  chloroacetate 

95.4 

32.4 

Water 

48 

Isoamyl  formate 

89.8 
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ACTIVE  AMYL  ALCOHOL 


Table  6.96:  Physical  Properties  of  Active  Amyl  Alcohol  (31) 


Acidity  (mg  KOH  per  g) 
Boiling  point 

Coefficient  of  expansion 
per  *C 

Distillation:  95% 

30% 

Flash  point,  Open  cup 
Freezing  point 
Heat  of  vaporization 
Refractive  index  at  20  *C 
Residue 

Specific  gravity  at  20/4*C 

Viscosity  at  20*C 
60*C 

Weight  per  gallon  at  20*C 


0,06  max. 

128*C 

0.00078 

Between  125  * 131*C  min. 
Above  130*C  max. 

120*F 

Less  than  *70*C 

100.0  cal/g  (calculated) 

1.4097 

0.003  g/100  cc 
0.816 

5.09  centipoises 
1.44  centipoises 

6.80  lbs 


FUSEL  OIL,  REFINED 


Refined  fusel  oil  iso  volatile,  poisonous,  oily  mixture  consisting  largely  of  amyl  alcohols. 


Table  6.97:  Physical  Properties  of  Refined  Fusel  Oil  (31) 


Acidity  as  acetic  acid 

Coefficient  of  expansion 
per  1*C 
1*F 

Color.  APHA 

Distillation  range  (ASTM) 
below  110*C 
below  120*C 
below  130*C 
above  135*C 

Dryness 


Evaporation  rate  at  95*F 


Fire  hazard 

Flash  point,  Open  cup 
Closed  cup 

Specific  gravity  at  20/20*C 
Toxicity 


Water  solubility  at  2$*C, 
100  cc  solvent  dissolves 

Weight  per  gallon  at  20*C 


0.01%  max. 


0.00051-0.0006 

0.00092-0.0011 

No.  10  max. 


None 

Not  more  than  1 5% 

Not  less  than  60% 

None 

A 5 ml.  sample  is  clearly 
miscible  with  at  least 
19  parts  of  60*  Be^  gas- 
oline at  60  *F 


% 

Minutes 

5 

3.5 

25 

17.0 

50 

36.5 

75 

64.75 

90 

90.25 

95 

103.5 

Mode  rate 

123*F,  approx. 

106*F,  approx. 

0.810- 0.815 

Highly  toxic  by  ingestion 
and  inhalation 


9.9  cc  water 
6.76  - 6.77  Ibe 
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METHYLAMYL  ALCOHOL 

Methyl  Isobutyl  CarblfX)!,  4-Methylpentanol-2,  MIBC  (CH2)2CHCH2CHOHCH2 

Methylamyl  alcohol  is  a secondary  alcohol . 


Table  6.98:  Physical  Properties  of  Methylamyl  Alcohol  (31) 


Acidity  as  acetic  acid 

0.005%  by  wt,  max. 

Heat  of  vaporization  at  1 atm. 

98.6  g cal/g 

Azeotrope  with  water: 
boiling  point,  760  mm,  *C 
methyl  amyl  alcohol,  %w 

Boiling  point  at  760  mm 

Coefficient  of  cubical  expansion 
at  20*C/*C 

94,3 

55.6 

131.63  - 131. 8*C 
0.00103 

MAC 

Molecular  weight 
Non-volatile  matter 
Odor 

Purity,  minimum 

25  ppm  in  air 
102.17 

0.005  g/lOO  ml  max. 
Mild  and  non  residual 
97.5%  by  wt 

Color,  Pt-Co  scale 

10  max. 

Refractive  index  at  20*C,  n^ 

1.4081  - 1.4113 

Critical  pressure,  atm. 

42.4 

Solubility  in  water  at  20*C 

1.7  - 1 . 8%  by  wt 

Critical  temperature 

312*C 

Solubility  of  water  in.  at  20 *C 

5.8-  6.2%  by  wt 

Distillation  range,  760  mm 

130.0  - 133. 0*C 

Specific  gravity  at  20/20  *C 

0.8079  - 0.8080 

Fire  hazard 

Moderate 

Specific  heat  at  20 "C 

0. 52  g cal/g-*C 

Flash  point,  Tag  open  cup 
Tag  closed  cup 

Freezing  point 

131'F 

106'F 

•90*C,  sets  to  a glass 
below 

Surface  tension  at  20 *C 
Suspended  matter 

22. 8 dynes/cm 
Substantially  free 

2-ETHYLBUTYL  ALCOHOL 

Table  6.99:  Physical  Properties  of  2-Ethylbutyl  Alcohol 

(31) 

Acidity  as  acetic  acid 

0.02?o  max. 

Solubility  in  water  at  20*C 

0.43%  by  wt 

Boiling  point  at  760  mm 

Boiling  range  at  760  mm 
below  140*C 
below  145*C 
below  155*C 
above  160* C 

147. 0*C 
None 

Not  more  than  5% 
Not  less  than  95% 
None 

Solubility  of  water  in, 
at  20*C 

Specific  gravity  at  20/20*C 
Specific  heat  at  25*C 
Surface  tension  at  28*C 

4 . 6%  by  wt 
0.8328 
0.586  cal/g 
28. 05  dynes/cm 

Coefficient  of  expansion 
per  -C 

0.000892  to  20*C 
0.000921  to  55*C 

Vapor  pressure  at  20*C 
Viscosity  at  20*C 

1 . 2 mm 
5.63  cps. 

Dryness  at  20* C 

Miscible  with  19 
vol.  of  60*  Be 
gasoline 

Weight  per  gallon  at  20 *C 

6.93  lbs 

Flash  point 
(ASTM  open  cup) 

58*C  (137*F) 

Heat  of  vaporization,  1 atm. 

196  Btu/lb 

Molecular  weight 

102.17 

Non-volatile  matter 

0.005%  max. 

Refractive  index  at  20 *C 

1.4229 
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n-HEXYL  ALCOHOL 

n-Hexanol,  Hexanol-1,  Amyl  Carbinol 


CH3(CH2)4CH20H 


Table  6.100:  Physical  Properties  of  n-Hexyl  Alcohol  (31) 


Acidity  as  acetic  acid 

0.01%  by  wt 

Refractive  index  at  20*C,  nj) 

1.4181 

Boiling  point  at  760  mm 

157, 1*C 

Solubility  in  water  at  20*C 

0.50%  by  wt 

50  mm 
1 0 mm 

89'C 

60-C 

Solubility  of  water  in,  at  20 ”C 

7 . 2 % by  wt 

Boiling  range  at  760  mm 

153  to  160*C 

Specific  gravity  at  20/Z0*C 

0. 8203  - 0.8208 

Color  (Pt 'Co  Scale) 

1 5 max. 

Specific  heat  at  16.9*C 
at  13’C 

0.544  Cal/gm/'C 
0.500  Cal/gm/*C 

Fire  hazard 

Moderate 

Surface  tension  at  30*C 

23.6  dynes/cm 

Flash  point  (Open  cup) 

165“F 

Suspended  matter 

Substantially  free 

Freezing  point 

-44.6-C 

Vapor  pressure  at  20'C 

0.43  mm 

Heat  of  vaporization  at  1 atm. 

213  Btu/lb 

Viscosity  (absolute)  at  20*C 

5.4  cps 

Hydroxyl  number 

530  min. 

Water  content 

Miscible  without  turbid- 

Iodine number 

1 , 2 min. 

ity  with  19  vol.  of  60* 

Molecular  weight 

102.17 

API  gasoline  at  20*C 

Odor 

Mild 

Weight  per  gallon  at  20*C 

6.83  lbs 

Table  6.101:  Solubility  of  Water  in 
n-Hexyl  Alcohol  (31) 


Table  6.102:  Azeotropes  of  Hexyl  Alcohol  (31) 

HEXYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH; 
% B.P.  of  Azeotrope  *C 


63.5 

Anisole 

151.0 

27 

Benzyl  methyl  ether 

156.7 

52 

Cam  phene 

150.8 

56 

O'Chlorotoluene 

153.5 

46 

p-Chlorotoluene 

154.0 

65 

Cumeme 

149.5 

53 

2,  7 -Dimethyl octane 

152.5 

11 

Isoamyl  ether 

157.0 

40 

Isoamyl  propionate 

156.7 

60 

Isobutyl  butyrate 

155.0 

45 

Mesitylene 

153.5 

19 

Phenetole 

157.7 

60 

a-Pinene 

150.8 

55 

Propylbenzene 

152.5 

32 

Pseudocumene 

156.3 

77 

Styrene 

144.0 

65 

m -Xylene 

138.  3 

62 

o- Xylene 

143.6 

87 

p- Xylene 

137.0 
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CYCLOHEXYL  ALCOHOL 

Table  6.103:  Physical  Properties  of  Cyclohexyl  Alcohol  (31) 


Boiling  point  at  7b0  mnn 

161. rC  (322*F) 

Toxicity 

Moderate  by  ingestion 

Boiling  range  at  7b0  nnm,  5-95% 

156-163*C 

and  inhalation 

Color,  APHA 

10  max. 

Vapor  density  (air  = 1.00) 

3.45 

Crystallization  point 

-10*C  min. 

Vapor  pressure  at  20  *C 

0.8  mm 

Dielectric  constant  at  25"C 

15.0 

70 

15 

Evaporation  rate  at  45*C  (toluene  = 100) 

8 approx. 

80 

100 

27 

78 

Fire  hazard 

Mode  rate 

120 

187 

Flash  point  (Closedcup) 
(Open  cup) 

145-F 

154*F 

140 

150 

161.1 

398 

554 

760 

F ree zing  point 

18-25. 15-C 

Viscosity  at  25  ®C 

49*8  centipoises 

Heat  of  combustion,  liquid 

8893  cal/g 

39.1*C 

20.3  cps. 

Heat  of  fusion 

4.9  cal/g 

65.9*C 
90  *C 

5.8  cps. 
2.45  cps. 

Heat  of  vaporization 

108  cal/g 

Water 

0.5%  max. 

Ketone  as  cyclohexanone 

0.5%  max. 

Weight  per  gallon  at  20*C  (68*F) 

7.91  lbs. 

Phenol 

0.05%  max. 

Refractive  index  at  20*C 

1.4656 

Solubility  in  water  at  20*C 

3.6%  by  wt. 

Solubility  of  water  in  at  20*C 

20%  by  wt. 

Specific  gravity  at  20/4*C 

0.9493 

Specific  heat  at  15-18*C 

0.417  cal/gm 

Surface  tension  at  16.2*C 

34.23  dynes/cm 

Table  6.104:  Azeotropes  of  Cyclohexyl  Alcohol  (31) 

CYCLOHEXYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH 


% 

B.  P.  of  Azeotrope 

70 

Anisole 

152.5 

38 

Benzyl  methyl  ether 

159.0 

59 

Camphene 

151.9 

85 

Chloroacetal 

155.6 

62 

o-Chlorotoluene 

155.5 

45 

p-Chlorotoluene 

156.5 

8 

Cineole 

160.55 

72 

Cumene 

150.0 

28 

Cymene 

159.5 

25 

Indene 

160.0 

22 

Isoamyl  ether 

158.8 

37 

Isoamyl  propionate 

157.7 

80 

Isobutyl  butyrate 

156.0 

35 

o-Phellandrene 

158.0 

60 

Propylbenzene 

153.8 

83 

Propyl  isovalerate 

155.1 

40 

Pseudocumene 

158.0 

35 

o-Terpene 

158.3 

22 

Thymene 

159.8 

95 

m- Xylene 

138.9 

86 

o-Xylene 

143.0 
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HEPTYL  ALCOHOL 

Heptonol-1,  Alcohol  C-7 


C7H,50H 


Table  6.105:  Physical  Properties  of  Heptyl  Alcohol  (31) 


Boiling  point  at  765  mm 

175*C 

Freezing  point 

-34.6-C 

Refractive  index  at  20*C,  n^^ 

1.4233 

Specific  gravity  at  20/4*C 

0.824 

Table  6.106:  Azeotropes  of  Heptyl  Alcohol  (31) 

HEPTYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH: 


% 

B.P.  of  Azeotrope 

80 

Benzyl  methyl  ether 

167.0 

90  . 

Cam  phene 

159.3 

53 

Cymene 

172.5 

50 

Dipentene 

171.7 

63 

Isoamyl  ether 

170.4 

92 

Isobutyl  isovalerate 

171.0 

48 

p -Methylanisole 

173.0 

72 

Phenetole 

169.0 

60 

or-Terpinene 

169,7 

2-HEPTYL  ALCOHOL 

Heptonol-2,  Methylomyl  Corbinol  CHg(CH2)4CHOHCH 

2-Heptyl  alcohol  is  a secondary  alcohol. 


Table  6.107:  Physical  Properties  of  2-Heptyl  Alcohol  (31) 


Acidity  as  acetic  acid 
Boiling  point  at  760  mm 

Boiling  range  at  760  mm , below 
below 
below 
above 

Color  (Pt'Co  scale) 

Dryness  at  20*C 

Fire  hazard 

Flash  point  (Open  cup) 

Solubility  in  water  at  20*C 
Solubility  of  water  in  at  20*C 
Specific  gravity  at  20/20*C 
Vapor  pressure  at  20*C 
Weight  per  gallon  at  20*C 


0.03%  by  wt.,  max. 
160.VC 

155*C  None 

158*C  Not  more  than  5% 

162*C  Not  less  than  95% 

165*C  None 

15,  max. 

Miscible  with  19  vols. 
60*  Be  gasoline 

Mode  rate 
160*F 

0.35%  by  wt. 

5.80%  by  wt. 

0.8187 
1.0  mm 
6.81  lbs. 
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3-HEPTYL  ALCOHOL 

Heptonol-3  CH3CH2CH(OH)C4H9 

Table  6.108:  Physical  Properties  of  3-Heptyl  Alcohol  (31) 

Acidity  as  acetic  acid  0.02%  by  wt. 

Boiling  point  at  760  mm  156. 2*C 

Boiling  range  153-1  58*C 

Color,  APHA  (Pt-Co  scale)  5 

Fire  hazard  Moderate 

Flash  point  140*F 

Freezing  point  -70*C  sets  to  glass  below 

Specific  gravity  at  20/20*C  0.0224 

Vapor  pressure  at  20*C  0.58  mm 

Weight  per  gallon  at  20*C  6.84  lbs. 

2-ETHYLHEXYL  ALCOHOL 

2-Ethylhexanol,  Octyl  Alcohol  CH2CH2CH2CH(C2H5)CH20H 

Table  6.109:  Physical  Properties  of  2-Ethylhexyl  Alcohol  (31) 


Acidity  as  acetic  acid 

0.01%,  max. 

Heat  of  vaporization,  1 atm. 

167  Btu/lb 

Aldehydes 

None 

Molecular  weight 

130.22 

Boiling  point  at  760  mm 

184. 8*C 

Refractive  index  at  20*C,  nj) 

1.4316 

Boiling  range,  below  180*C 
above  192*C 

Coefficient  of  expansion 

None 

None 

Solubility  in  water  at  20 *C 
Solubility  of  water  in,  at  20 *C 

0 . 1 0%  by  wt 
2.6%  by  wt 

per  *C 

0.000875  to  20*C 
0.000902  to  55*C 

Specific  gravity  at  20/20 *C 
Specific  heat  at  25*C 

0.0339 

0.564  cal/gm/*C 

Color,  APHA 

5 max. 

Surface  tension  at  22 *C 

30.0  dynes /cm 

Constant -boiling  mixture, 
solvent  20% 
water  80% 

b.p.  99.1-C 

Unsaturates,  as  ethyl  hexanol 
Vapor  pressure  at  20*C 

0.2%  max. 
0.05  mm 

Fire  hazard 

Slight 

Viscosity  at  20 *C 

9.8  epa . 

Flash  point,  Open  cup 
Freezing  point 

185*F 

-70*C  sets  to  glass 
below 

Weight  per  gallon  at  20* C 

6.94  lbs 

n-OCTYL  ALCOHOL 

n-Octanol,  Octanol-1 

CH3(CH2)^CH20H 

Table  6.110:  Physical  Properties  of  n 

-Octyl  Alcohol  (31) 

Acid  number 

0.2  max. 

Molecular  weight 

130.22 

Boiling  point  at  760  mm 

195*C  (383*F) 

Refractive  index  at  20 *C,  n£) 

1.42920 

Boiling  range  at  760  mm 

194  - 197*C 

Solubility  in  water  at  25 *C 

0.059  g per  100 

Color,  dichromate 

0.002  max. 

g water 

Ester  number 

1 . 3 max. 

Specific  gravity  at  20/4  *C 

0.827 

Fire  hazard 

Slight 

Viscosity  at  20*C 

8.925  centipoise 

Flash  point  (Open  cup) 

195-F 

Water 

0.25%  max. 

Freezing  point 

-15*C  (5*F) 

Heat  of  combustion 

9690  cal/g 

Hydroxyl  number 

415  - 440 

Iodine  number 

1 . 3 max. 
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Table  6.111:  Azeotropes  of  n-Octyl  Alcohol  (31) 


OCTYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH; 


% 

B.P. 

of  Azeotrope 

80 

N,  N-DimethyNo'-toluidine 

184.8 

88 

Indene 

182.4 

85 

Isoamyl  iaovalerate 

192.6 

70 

Isobornyl  methyl  ether 

191.9 

80 

Isobutyl  carbonate 

189.5 

92 

d'Limonene 

177.5 

20 

Phorone 

193.5 

90 

y-Terpinene 

182.5 

93 

Thyme  ne 

179.6 

sec-OCTYL  ALCOHOL 

Table  6.112:  Physical  Properties  of  sec-Octyl  Alcohol  (31) 


85%  Grade 

95%  Grade 

Boiling  range 

first  5% 

173  - 178*C 

90% 

174  - 181. 5*C 

178  - 182. 5*C 

Density,  lbs  per  gallon 

6.8 

6.8 

Fire  hazard 

Moderate 

Slight 

Flash  point 

164-F 

185*F 

Hydroxyl  number 

376  > 388 

408  - 414 

Melting  point 

-38*C 

Methyl  hexyl  ketone 
content 

10  - 15% 

Leas  than  5% 

Molef:ular  weight 

130.23 

130.23 

Refractive  index  at  20  *C 

1.4244  - 1.4252 

1.4258  • 1.4262 

Specific  gravity  at  20*C 

0.814  - 0.820 

0.818  at  25*C 

Water  content 

1.0  - 1.2% 

0.3  - 0.5% 

Table  6.113:  Azeotropes  of  sec-Octyl  Alcohol  (31) 

»ec -OCTYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH; 


% 

B.P.  of  Azeotrope 

14 

Amyl  ether 

179.8 

50 

Butylbenzene 

178.2 

89 

Butyl  isovalerate 

177.4 

73.5 

Cineole 

175.9 

56 

Cymene 

174.0 

40 

Indene 

176.0 

28 

laoamyl  butyrate 

180.3 

83 

Isoamyl  ether 

172.7 

55 

d'Limonene 

174.5 

73 

ff'Terpinene 

171.8 

43 

Terpinolene 

179.0 

48 

Thyme  ne 

176.0 
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ISOOCTYL  ALCOHOL 

Table  6.114;  Physical  Properties  of  Isooctyl  Alcohol  (31) 


Acidity  as  acetic  acid 
Carbonyl  number 

Coefficient  of  expansion 
per  *C 

Color  (Haxen,  Pt-Co) 

Fire  haxard 

Flash  point  (Tag  open  cup) 

Pour  point 

Purity 

Refractive  index  at  20*C,  n£) 

Solubility  in  water  at  25*C 
at  50*C 

Solubility  of  water  in,  at  5*C 
20*C 
40*C 

Specific  gravity  at  Z0/Z0*C 
60/60*F 

Specific  heat,  50  • 150*C 


0.001%  by  wt 

Surface  tension  at  20*( 

3 

29,  5 dynes/cm 

0.10  mg  KOH/g 

Vapor  pressure,  *C 

•F 

mm 

50 

122 

1.95 

0.000814 

75 

167 

8.4 

100 

212 

30 

5 

125 

257 

94 

Slight 

150 

175 

302 

347 

250 

600 

180*F 

180 

356 

700 

-95*F 

Viscosity,  *C  *F 

Centistokes 

99.5%  by  wt 

37.8  100 

20.0  68 

6.4 

12.7 

1.4308 

>9.4  15 

51.3 

0.06  g/lOOg 
0.08  g/lOOg 

-17.8  0 

-31.7  -25 

84.4 

224.2 

3.4  g/lOOg 

Water 

0.02%  by  wt 

3.8  g/lOOg 

Weight  per  gallon  at  60*F 

6.95  lbs,  approx. 

4.1  g/lOOg 

0.832 

0.834 

0.79  cal/g/*C 


NONYL  ALCOHOL 

Table  6.115:  Physical  Properties  of  Nonyl  Alcohol  (31) 


Aldehyde  content 

0. 30%  by  wt  ' 

Boiling  point  at  760  mm 

173. 3-C 

Color,  Say  bolt 

30 

Distillation  (ASTM),  initial 

193*C 

5% 

196*C 

50% 

198'C 

95% 

2orc 

max. 

206’C 

Fire  ha sard 

Moderate 

Flash  point  (Open  cup) 

80*C  (176*F) 

Free  sing  point 

-65*C 

Heat  of  vaporization  (Lv), 
100*F 

22,000  Btu/lb  mole 

300*F 

19,000  Btu/lb  mole 

400*F 

17,400  Btu/lb  mole 

Mixed  aniline  point 

-15*C 

Neutralization  number 

0.02  mg  KOH/g 

Refractive  index  at  20*C,  njj 

1.4390 

Solubility  in  water  at  20*C 

0. 06%  by  wt 

Solubility  of  water  in,  at  20*C 

0.99%  by  wt 

Specific  gravity  at  20/20*C 

0.8121 

Vapor  pressure  at  20*C 

0. 3 mm 

Viscosity  at  0‘C 

56* 0 cps« 

at  20*C 

14.3  cps . 

Weight  per  gallon  at  20 *C 

6.75  lbs 
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3,5,5-TRIMETHYLHEXYL  ALCOHOL 

Table  6.116:  Physical  Properties  of  3,5,5-Trimethylhexyl  Alcohol  (31) 


Boiling  point  at  10  mm 
760  mm 

Boiling  range  at  760  mm, 
first  drop 
90% 
dry 

Color  (APHA) 

Flash  point  (Open  cup) 

Freezing  point 

Molecular  weight 

Purity  (by  hydroxyl  number) 

Refractive  index  at  25*C,  no 

Specific  gravity  at  ZSj^A*C 

Viscosity  at  25 ‘C 

Water  content 

Weight  per  gallon  at  25 *C 


03*C  (101*F) 
194*C  (301-F) 

190*C 
194  ± 1*C 
195. 5*C 

25  max. 

200*F 

Below  -70*C 
144.25 
97.  5%  min. 

I. 4300 
0.0236 

II. 06  centipoises 
0.15%  max. 

6.06  lbs 


DECYL  ALCOHOL 


Table  6.117:  Physical  Properties  of  Decyl  Alcohol  (31) 

j 

Oxo  Process  Folty  ocid  Process 


Oxo  Process  Fatty  Acid  Process 


Acidity 
Acid  number 
Aldehydes,  as  decanal 
Boiling  point  at  760mm 
Boiling  range  at  760  mm 

Coefficient  of  expansion 
at  55*C 

Color,  Hazen  Pt-Co 

Ester,  as  decyl  formate 
Ester  number 
Fire  hazard 
Flash  point  (Open  cup) 
Freezing  point 

Heat  of  combustion 
Hydroxyl  number 
Iodine  number 
Molecular  weight 
Pour  point 
Purity 

Refractive  index  at 
20»C,  nu 


0.0015%  by  wt. 

0.20%,  max. 
217. 3*C 
219-221. 5H: 

0.00006 


Solubility  in  water  at  20*C 

Less  than  0.01  % 

0,2  max. 

Solubility  of  water  in  at 

by  wt. 

20*C 

2.3%  by  wt. 

231'C  (448*F) 
90%  between 

Specific  gravity  at  20/20*C 

0.037-0.040 

229-233*C 

Sulfur 

4 ppm,  max. 

Suspended  matter 

Substantially  free 

Vapor  pressure,  'C  *F 

mm 

5 

0.003  max., 

75  167 

2.1 

Dichromate 

100  212 

0.4 

Less  than  0.1% 

125  257 

28.2 

150  302 

82 

1.3  max. 

175  347 

225 

Slight 

Slight 

200  392 

500 

225*F 

220*F 

Viscosity, 

•C  *F 

Centistokes 

99  210 

1.76 

Sets  to  a glass 

6.rC  (44*F) 

20  68 

21 

below  -60*C 

- 9.4  15 

115 

9963  cal/g 

-17.8  0 

209 

-31.7  -25 

701 

345-365 

-40.0  -40 

1649 

0.5  max. 

-53.9  -65 

8826 

1 3.03  centipoises 


150.28  158.28 

-95*F 

99.7%-99.9%bywt. 


Water  content 

Weight  per  gallon  at  20*C 
60*F 


0.03-0.07%by  wt.  0.25% 

7.03  lbs. 

6.96  lbs.  approx. 


1.4388-1.4390 


1.43682 
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ISODECYL  ALCOHOL 

Table  6.118:  Physical  Properties  of  Isodecyl  Alcohol  (31) 


TRIDECYL  ALCOHOL 

Table  6.119:  Physical  Properties  of  Tridecyl  Alcohol 


Acidity  as  acetic  acid 
Carbonyl  number 
Color,  Hazen,  Pt-Co 

Distillation;  initial 

dry  point 

Fire  hazard 

Flash  point  (Tag  open  cup) 

Hydroxyl  number 

Odor 

Pour  point 
Purity 

Refractive  index  at  20 *C,  np 
Specific  gravity  at  20“ C 
Sulfur 

Vapor  pressure,  “C  “F 

90  194 

100  212 

125  257 

150  911 

175  347 

200  401 

225  437 

250  491 


Acidity  as  acetic  acid 
Aldehydes,  as  decanal 
Boiling  point  at  760  mm 

Boiling  range  at  760  mm,  Ibp 
Dp 

Coefficient  of  expansion  at  55*C 
Color,  (Pt-Co  scale) 

Fire  hazard 

Flash  point  (Open  cup) 

F reezing  point 
Molecular  weight 
Odor 

Purity,  as  decanol 
Refractive  index  at  20*C,  n^^ 
Solubility  in  water  at  Z0“C 
Solubility  of  water  in  at  20“C 
Specific  gravity  at  20/20 
Sulfuric  acid  test  (Pt-Co  scale) 
Suspended  matter 
Vapor  pressure  at  20*C 
Viscosity  at  20“C 
Water  content 
Weight  per  gallon  at  20*C 


0.002%  by  wt 
0.7  mg  KOH/g 
5 

252“C 

269“C 

Slight 

180“F 

278  mg  KOH/g 

Characteristic, 
non -petroleum 

-95“F 

99.6%  by  wt 
1.4475 
0.8454 
2 ppm 

mm 

1.3 

2.2 

7.8 

24 

64 

155 

340 

685 


0,002%  by  wt.,  max. 

0.05%  by  wt.,  max. 

220. rc 

215“C,  min, 

225*C,  max. 

0.0C083 
10,  max. 

Slight 

220“F 

Sets  to  a glass  below  -60“C 
158.29 

Characteristic,  non-petroleum 
98.5%  by  wt.,  min. 

1.4408 

Less  than  0.01%  by  wt. 

2.4%  by  wt. 

0.8423 
50,  max. 

Substantially  free 
Less  than  O.Ol  mm 
18.9  cps. 

0.10%  by  wt.,  max. 

7.01  lbs. 


(31) 

Viscosity,  “C 

99 

20 

- 9.4 

-17.8 

-31.7 

-40.0 

-53.9 

Water 

Weight  per  gallon  at  60  *F 


*F  Centipoises 


210 

2.61 

68 

47.5 

15 

382.2 

0 

808.3 

-25 

3,692 

-40 

11,081 

-65 

95.433 

0.10%  by  wt. 
7.0  lbs. 
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OTHER  ALCOHOLS  AND  ALCOHOL  BLENDS 

Table  6.120:  ALFOL  Alcohol  Low  Range  Blends  C,— C„  (40) 


TypicHl  l*n»pcrllcs 

61(1 

610  AFC 

610  ADE 

810 

810  A1 

810  EE 

Total  alcohol,  Wl.  % 
Molecular  weight 

99.8 

99.8 

99.6 

99.8 

99.7 

99.6 

distribution  (1(X)^^ 
alcohol  basis) 

C4 

C6 

T8 

4.8 

9.0 

0.6 

0.1 

0.6 

C8 

4.12 

54.4 

42.7 

45.7 

10.5 

49.4 

CIO 

40.1 

47.8 

53.2 

89.1 

49.5 

C12 

0.7 

0.7 

0.5 

0.5 

0.3 

0.5 

C14 

tnicc 

- 

- 

- 

trace 

_ 

Average  alcohol  MW 

140 

135 

138 

145 

153 

Ml 

Color,  APHA 

0 

0 

0 

0 

0 

0 

W^ter,  Wt.  % 

0.03 

0.03 

0.02 

0.02 

0.02 

0.03 

Iodine  number 

0.05 

0.05 

0.05 

0.02 

0.02 

0.02 

Hydroxyl  number 

401 

415 

407 

387 

367 

397 

Carbonyl,  as  ppm  C=() 

30 

30 

30 

30 

30 

30 

Acidity,  as  acetic  acid,  % 

0.002 

0.002 

0.002 

0.003 

0.(K)3 

().(K)3 

Acid  Heat  Color,  APHA 

10 

- 

10 

- 

- 

Specific  gravity 

0.824 

0.830 

0.829 

0.831 

0.831 

0.831 

at“F/°F 

iim 

60/60 

60/60 

60/60 

60/60 

60/60 

Flash  point,  (PM)  ° F 

175 

175 

167 

188 

203 

200 

Melting  range,  ° F 

1-5 

1-5 

1-5 

3-7 

3-7 

3-7 

Boiling  range,  ° F 

35M59 

350^60 

350^60 

40M59 

400-460 

400-460 

Saponification  number 

0.19 

0.27 

0.19 

0.4 

- 

Viscosity,  cSl  70®  F 

11 

11 

11 

1.3.4 

16.3 

13.5 

100®  F 

6.4 

6.6 

7.7 

7.4 

8.7 

7.2 

Coefficient  of  thermal 

expansion  Ib/gal/®  F 

0.00334 

0.00334 

0.00334 

0.(K)325 

0.00334 

0.00317 

Table  6.121:  ALFOL  Alcohol  Pure  Homologa  C,— C„  (40) 


'l^'plcal  Properties 

6 

8 

10 

Tblal  alcohol,  Wt.% 

99.4 

99.9 

99.8 

Molecular  weight  distribution 
(100%  alcohol  basis) 

C6 

99.4 

trace 

- 

C8 

0.6 

99.9 

0.5 

CIO 

trace 

0.1 

99.3 

C12 

trace 

- 

0.2 

C14 

- 

- 

- 

C16 

- 

- 

- 

C18 

- 

- 

- 

C20 

- 

- 

_ 

Average  Molecular  Weight 

102 

130 

158 

Color,  APHA 

0 

0 

0 

\V^ter,Wl.% 

0.04 

0.03 

0.02 

Iodine  number 

0.05 

0.03 

0.05 

Hydroxyl  number 

545 

430 

351 

(2arbonyl,  as  ppm  C=0 

28 

12 

7 

Acidity,  as  acetic  acid,  % 

0.001 

0.001 

0.001 

Specific  gravity, 

0.8232 

0.8293 

0.8335 

at®F/®F 

60/60 

60/60 

60/60 

Flash  point,  (PM)  ® F 

130 

180 

235 

Melting  range,  ® F 

^9 

1-3 

43^5 

Boiling  range,  ® F 

313-316 

381-385 

448-453 

Saponification  number 

<0.(H 

<0.04 

<0.04 

Viscosity,  cSl  70®  F 

5.5 

10.5 

14.5 

100®  F 

3.5 

6 

9 

Cbefficient  of  thermal 

expansion  Ib/gal/F 

0.00376 

0.00351 

0.00334 

(continued) 
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Table  6.121:  (continued) 


Typical  Properties 

12 

14 

16 

16NF 

18 

18NF 

Total  alcohol,  Wl.% 

99.8 

99.8 

99.8 

99.8 

99.6 

99.6 

Molecular  weight  distribution 
(100%  alcohol  basis) 

C6 

- 

- 

- 

- 

- 

C8 

- 

- 

- 

- 

- 

- 

CIO 

0.1 

trace 

- 

- 

- 

_ 

C12 

99.6 

0.4 

trace 

trace 

_ 

- 

C14 

0.3 

99.4 

0.3 

0.3 

0.1 

0.1 

C16 

- 

0.3 

98.7 

98.7 

0.3 

0.3 

C18 

- 

- 

0.7 

0,7 

98.4 

98.4 

C20 

_ 

- 

- 

0.9 

0.9 

Average  Molecular  Weight 

187 

214 

242 

242 

271 

271 

Color,  APHA 

5 

5 

5 

5 

5 

5 

Water,  Wt.% 

0.01 

0.02 

0.02 

0.02 

0.02 

0,02 

Iodine  number 

0.05 

0.03 

0.18 

0.18 

0.33 

0.33 

Hydroxyl  number 

299 

258 

227 

227 

207 

207 

Carbonyl,  as  ppm  C=0 

8 

29 

64 

64 

241 

241 

Acidity,  as  acetic  acid,  % 

0.005 

0.003 

0.011 

0.011 

0.008 

0.008 

Specific  gravity, 

0.83 

0.815 

0.813 

0.813 

0.811 

0,811 

at°F/°F 

60/60 

120/120 

125/125 

125/125 

140/140 

140/140 

Flash  point,  (PM)°F 

265 

290 

300 

300 

355 

355 

Melting  range,  ° F 

73-76 

98-102 

118-121 

113-122 

132-136 

131-140 

Boiling  range,  ° F 

490498 

567-573 

626-631 

626-631 

662^10 

662^10 

Saponification  number 

0.04 

0.07 

0.06 

0,06 

0.1 

0.1 

Viscosity,  cSt  70°  F 

80F/19 

- 

- 

- 

- 

- 

100°  F 

12.3 

15 

120F/18 

120F/18 

160F/13.5 

160F/13.5 

Coefficient  of  thermal 

expansion  Ib/gal/F 

0.00325 

0.00317 

0.00317 

0.00317 

0.00309 

0.00309 

Table  6.122:  ALFOL  Alcohol  High  Range  Blende  (40) 


Typiml  Properties 

1012  HA 

1014  CDC 

1214 

1214  GC 

1216 

1216  CO 

Total  Alcohol,  Wt.  ^ 

99.8 

99 

99.5 

99 

99 

99.7 

Honiolog  Distribution,  Wl.  % 

a 

O.fi 

- 

0.1 

trace 

- 

0.1 

CIO 

87.5 

31 

0.6 

0.8 

0.3 

0.4 

C12 

6.8 

36.6 

56.5 

68.2 

64.3 

67.2 

CM 

5 

31.2 

42.2 

30.3 

24 

25.3 

CI6 

0.1 

- 

0.6 

0.7 

11.4 

6.8 

C18 

- 

- 

- 

- 

trace 

0.2 

C20 

- 

- 

- 

- 

- 

- 

C22 

- 

- 

- 

- 

- 

C24 

- 

- 

- 

- 

_ 

C26 

- 

- 

- 

- 

- 

- 

C28 

- 

- 

- 

- 

- 

- 

C30 

- 

- 

- 

- 

- 

Avg.  Molecular  Weight 

iM 

186 

198 

195 

203 

198 

Cblor,  APHA 

0 

0 

0 

0 

5 

5 

Vfeter,  Wt.  Sf 

0.02 

0.05 

0.08 

0.06 

0.05 

0.04 

Iodine  number 

0.04 

0.07 

0.05 

0.05 

0.1 

0.08 

Hydroxyl  number 

343 

302 

284 

287 

276 

284 

Carbonyl,  ppm  C=0 

31 

123 

45 

21 

40 

47 

SpedHc  Gravity 

0.834 

0.836 

0.838 

0.838 

0.84 

0.84 

op/o  p 

nni 

72/72 

72/72 

72/72 

72/72 

72/72 

Flash  Pfflnt  (PM)  ° F 

111 

250 

265 

265 

265 

265 

Melting  Range,  ° F 

35-40 

41-45 

70-75 

70-75 

63-70 

63-70 

Boiling  Range,  ° F 

425-525 

450-545 

518-575 

518-575 

514-592 

529-590 

Viscosity,  cSt 

10.4 

12.5 

14.3 

14.3 

14.5 

14.5 

Temperature,  ° F 

100 

too 

too 

100 

100 

100 

Coefficient  of  Thermal 

Expansion,  Ib/gal/F 

0.00321 

0.003 

0.00316 

0.00316 

0.00316 

0.00316 

Saponification  number 

0.1 

at 

0.1 

0.18 

0.5 

0.18 

Appearance 

dear  color* 

dear  color* 

dear  color- 

clear color- 

clear color- 

dear color- 

less liquid 

less  liquid 

less  liquid 

less  liquid 

less  liquid 

less  liquid 

(continued) 
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Table  6.122:  (continued) 


IVpjcal  Properties 

1218  DCDA 

1412 

1416  GC 

1418  DDB 

1418  GOA 

1618 

1618  CG 

1618  GC 

20+ 

Tblal  Alcohol,  W(.  ^ 

99.6 

99.7 

99.8 

99.9 

99.8 

99.6 

99.6 

98.5 

88.5 

Homolog  Distribution,  W(.  ^ 

C8 

trace 

trace 

- 

- 

- 

- 

- 

- 

CIO 

0.5 

0.5 

0.1 

- 

trace 

- 

- 

- 

- 

C12 

38.3 

yin 

6.3 

0.7 

0.6 

trace 

trace 

- 

- 

C14 

30 

60.6 

63.4 

39.5 

66.4 

1.3 

0.6 

0.6 

- 

C16 

19.8 

1.2 

29.8 

38.7 

25.6 

61 

31.9 

66.2 

trace 

C18 

10.8 

- 

0.4 

19.6 

7 

35.7 

66.1 

31.4 

1.2 

C20 

0.6 

- 

- 

1.5/>C20 

0.4 

2 

1.4 

1.6/>C20 

54.3 

C22 

- 

- 

- 

- 

- . 

- 

- 

- 

25.8 

C24 

_ 

_ 

_ 

- 

- 

- 

- 

- 

11. 1 

C26 

- 

- 

- 

- 

- 

- 

_ 

- 

4.6 

C28 

- 

- 

- 

- 

- 

- 

- 

- 

2.1 

C30 

- 

- 

- 

- 

- 

- 

- 

- 

1 

Avg.  Molecular  Weight 

214 

205 

222 

243 

227 

256 

266 

263 

431 

Color,  APHA 

5 

5 

10 

10 

5 

5 

5 

5 

848 

V/atCT,  Wt.  % 

0.06 

0.06 

0.03 

0.03 

0.05 

0.04 

0.03 

0.04 

0.03 

Iodine  number 

0.11 

0.1 

<0.4 

0.6 

<0.7 

0.15 

0.15 

0,8 

8.7 

Hydroxy]  number 

262 

274 

253 

231 

247 

219 

211 

213 

157 

Carbonyl,  ppm  C^ 

48 

48 

110 

- 

77 

180 

155 

150 

1930 

Specific  Gravity 

0.84 

0.839 

0.822 

0.819 

0.835 

0.840 

0.820 

0.820 

0.817 

op/o  p 

12m 

72/72 

100/100 

110/110 

100/100 

60/60 

120/120 

140/140 

140/140 

Flash  Point  (PM)  ® F 

275 

270 

305 

290 

305 

325 

340 

325 

390 

Melting  Range,  ° F 

68-73 

72-75 

95-99 

97-102 

97-102 

110-120 

110-120 

1 10-120 

113-129 

Boiling  Range,  ° F 

525-660 

525-585 

582-638 

598-659 

^ 598-660 

628-662 

630-670 

630-670 

>650 

Viscosity,  cSt 

15.0 

14.4 

11.5 

14.6 

- 

15.0 

13.7 

- 

5.3 

Temperature,  “ F 

100 

100 

100 

110 

- 

122 

140 

- 

210 

Cktefficient  of  Thermal 

Expansion,  Ib/gal/F 

0.00313 

0,00314 

0.0028 

0.0028 

0.0028 

0.00303 

0.00310 

0.003 

0.00313 

Saponification  number 

0.18 

<1 

<1 

0.5 

<1.0 

0.07 

0.07 

0.5 

5.7 

Appearance 

dearo^r- 
less  liquid 

white  sdid 

white  solid 

white  solid 

white  solid 

white  solid 

white  solid 

white  solid 

off-white 

solid 

Table  6.123:  ALFOL  Typical  Properties  (40) 


Typical  Properties 

ALFOL(S)6 

ALFOL®  8 

ALFOL®  10 

ALFOL®  610 

ALFOL®  810 

ISOFOL®  12 

Total  Alcohol,  wt  % 

00.4 

90.0 

00.8 

00.6 

00.8 

min.  05 

Molecular  Weight  Distribution 

(100%  alcohol  basis) 

CA 

C6 

00.4 

trace 

- 

0 

0.6 

C8 

0.6 

00.0 

0.5 

42,7 

45.7 

CIO 

trace 

0.1 

00.3 

47.8 

53.2 

Cl  2 

trace 

- 

0.2 

0.5 

0.5 

2>Butyloctanol 

min.  05 

Average  Molecule  weight 

102 

130 

158 

138 

145 

186  approx. 

Color,  ALPHA 

0 

0 

0 

0 

0 

20  max 

Water,  wt% 

0.04 

0.03 

0.02 

0.02 

0.02 

0.1  max 

Iodine  Number 

0.05 

0.03 

0.05 

0.05 

0.02 

1.0  max 

Hydroxyl  Number 

545 

430 

351 

407 

387 

286-305 

Carbonyl,  as  C=0  ppm 

28 

12 

7 

30 

30 

150 

Specific  gravity 

0.8232 

0.8203 

0.8335 

0.820 

0.831 

atF^F 

60/60 

60/60 

60/60 

60/60 

60/60 

Flash  point,  (PM)*  F 

130 

180 

235 

167 

188 

248  (ISO  2502) 

Melting  Range,  *F 

-40 

3-Jan 

43-45 

1-5 

3-7 

<22 

Boiling  Range,  *F 

313-316 

381-385 

448-453 

350-460 

401-460 

201-300 

Saponification  Number 

<0.04 

<0.04 

<0.04 

0.10 

0.4 

1.0  max. 

Viscosity,  cSt  at  70*  F 

5,5 

10.5 

14.5 

11 

13.4 

at  100*F 

3.5 

6 

0 

7.7 

7.4 

Coefficient  of  thermal 

expansion  lb/gal/*F 

0.00376 

0.00351 

0.00334 

0.00334 

0.00325 

Monohydric  Alcohols 
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COMPARATIVE  DATA 

Table  6.124:  Ashland  Alcohols  (69) 


PRODUCT 

LB. /GAL 
20“.C 

SP.  GR. 
20‘^/20"  C 

BOILING  RANGE 
X X 

FL  PI 
X TCC 

EVAP. 
RATE  ’ 

Methanol 

6.60 

0.791 

64-65 

147-149 

64 

. 2.1 

Ethanol,  Anhydrous 

6.58 

0.790 

74-80 

165-176 

53 

1.7 

Ethanol,  95% 

6.76 

0.811 

75-80 

167-176 

55 

' 1.7 

Isopropanol  91% 

6.81 

0.816 

80-81 

176-178 

63 

1.3 

Isopropanol,  Anhydrous 

6.55 

0.786 

82-83 

180-182 

53 

1.6 

n-Propanol 

6.71 

0.806 

96-98 

205-208 

74 

i!s 

2-Butanol 

6.72 

0.808 

98-101 

208-214 

72 

1.2 

Isobutanol 

6.68 

0.803 

107-109 

225-228 

86 

0.6 

n-Butanol 

6.75 

0.811 

116-119 

241-246 

97 

0.42 

Amyl  Alcohol  (primary) 

6.79 

0.815 

127-139 

261-282 

113 

0.27 

Methyl  Amyl  Alcohol 

6.72 

0.808 

130-133 

266-271 

103 

0.27 

Cyclohexanol 

7.91 

0.946^ 

160-163 

320-325 

1403 

0.05 

2-Ethylhexanol 

6.94 

0.834 

182-186 

360^367 

164 

<0.01 

’ rvButy!  Acetate  « 1 ^COC  «At30®C 


Table  6.125:  Chemcentral  Alcohols  (67) 


ALCOHOLS 

CAS 

Mole 

Weight 

% 

Purity 

Comm. 

Prod. 

•pee. 

X 

Lbs./ 

Oat. 

2^*C 

CoeH. 

Ol 

Eipan. 
Per  *C 

A^Or. 

•c 

Retrac- 

tive 

Wc 

DMfltotlon  Range 
a 760  mm  Hg 

•C 

•F 

AMYL  ALCOHOL  (Miied  Isomers) 

88  IS 

996 

0813 

6 79 

0 00093 

00056 

1 409 

127  137 

261  279 

iso  BUTYL  Al  COHOl 

18  83  I 

74  13 

99 

0803 

689 

0 00099 

00060 

1 396 

108  109 

223  229 

n BUTYL  AlCOMOl 

71  36  .1 

74  12 

99  6 

0 811 

6 75 

0 00093 

00056 

1 3992 

117-118 

243  245 

sec  BUTYl  ALCOHOl 

78  92  ? 

74  12 

99  7 

0 608 

6 73 

0 00091 

00054 

1 3971 

98  lot 

208  214 

CYCLOHEXANOL 

108-93-1 

100.18 

mam 

0.048 

7,01 

0,00077 

.00050 

meiem 

320-322 

ETHANOL,  ANHYDROUS  PROPRIETARY 

84  17-5 

46  07 

0792 

662 

0 00120 

00076 

1 3638 

jlKZdHI 

165  176 

ETHANOL.  95%  PROPRIETARY 

64  17  5 

4607 

0 812 

674 

ooone 

00076 

74-80 

165  176 

FURFURAL  ALCOHOL 

98  OOC 

98  1 

1 135 

944 

1 4868 

170  BP 

336  BP 

METHYL  ALCOHOL  (Me'lhsnol) 

67  56  1 

32  04 

HUB 

0793 

660 

0 00120 

00080 

1 3284 

84-65 

147  149 

METHYL  AMYL  ALCOHOL  (MIBC) 

ioa-11-2 

102.17 

08 

0.808 

0.00103 

.00084 

■uua 

T.'SIIM 

268-271 

iso  PROPYL  ALCOHOL,  ANHYDROUS 

67  63  0 

60  09 

99  9 

0 787 

oooni 

00068 

1.3766 

82-83 

180  isT 

iso  PROPYL  ALCOHOL,  91% 

67  63-0 

60  09 

91  3 

0 818 

6 84 

0 001 1 1 

00072 

79.7-80.7 

175  177 

II  PH  op7i  a l^Tiol 

71238 

60  09 

99  8 

0 805 

6 70 

000095 

00058 

1.3854 

96-98 

204  208 

TETHAHYDRbFURFTjRAL  ALCOHOL 

102  13 

980 

1054 

6 79 

0 00074 

00075  " 

1.4520 

178-BP 

353bp 

TEXANOL*  ^ 

25285-77*4 

218.3 

0.050 

7J0 

1 

_ J 

THIDECYL  ALCOHOL 

112-70  9 

990 

0845 

7 04 

252-263 

465  506 

ALCOHOLS 

Vapor 
Prim, 
• 20«C 

fivap. 

Rate 

VI. 

Viee. 

T 

•ohihM 

Wt.« 

W 

Oflutlon 

Ratio 

Rofh 

foM 

T.C.C. 

Etploalve 
Umlta%by 
Vol.  In  Air 

Bolu- 

bKIty 

Pari^ 

irnnHg 

B.  AOPt. « 1 

20«C 

\nHfi 

Of  H,0 

1M.U6. 

Tp 

■sa 

•ter 

AMYI  ALCOHOl  (Miited  isnmofS) 

2 0 

0 .3 

4 6 

1 7 

9 2 

LatenI 

-90 

110 

UKM 

too* 

11  1 

(SO  BUTYl  Al  COHOL 

8 8 

0 63 

3 9 

9 5 

169 

Laleni 

108 

85 

1 1 25 

116 

n BUtYL  AlCOMOl 

4 39 

0 46 

2 95 

7 9 

20.1 

Laleni 

89  8 

97 

10  9’ 

112 

see  BUTYL  ALCOHOL 

12  7 

0 9 

3 65 

22  5 

60  0 

Latent 

1147 

74 

Hnl 

9 8’ 

111 

CYCLOHEXANOL 

1,0 

0.06 

4.2 

11.2 

Latoni 

25.3 

138 

BB 

11,4 

ETHANOL,  ANHYDROUS  PROPRIETARY 

44  0 

1.9 

M9 

4 X > 

mgm 

Latent 

114  4 

54 

mi 

12.8 

ETHANOL.  95%  PHOPHIEtARY 

1 7 

KB 

Latent 

58 

mm 

12  8 

FURrURAl  ALCOHOl 

■ 1 

4 5 

.V) 

167» 

1.8 

12.5~ 

METHYL  ALCOHOL  (Methanol] 

96  0 

3 5 

2 0 

BK 

-97 

54 

6 7 

14  5 

2.2 

0.3 

1.84 

8,35 

■rrrrrw 

-90 

109 

1.0 

5.5 

10,0 

iso  PROPYL  ALCOHOL,  ANHYDROUS 

31  2 

17 

1X17 

r,X3 

Latent 

89  5 

S3 

12  0 

11.4 

Iso  PROPYL  ALCOHOL.  91% 

1C 

rxLi 

DO 

LatenI 

61 

■m 

12.0 

10.0 

n PROPYL  ALCOHOl 

l4  5 

0 89 

TXl 

(X3 

Latent 

-Tir  J 

...... 

15 

13.5 

11  9 

TETRAHYDROFURFURAL  ALCOHOL 

2 0 

0 07 

0<7 

OO 

163* 

2 6 

9.7 

10.8 

TEXANOL*  ^ 

< 0.01 

~~aT 

^ OJ 

0.9 

, ■ 

6.2 

TRIDECYL  ALCOHOL 

259 
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Table  6.126:  CPS  Chemical  Alcohol  99%  (15) 


TYPICAL  PROPERTIES 


TRADE  NAME 

CHEMICAL  NAME 

CAS 

NUMBER 

PURITY 
WT.  % 

COLOR 

APHA 

MOISTURE 
KF,  WT.  % 

MOLECULAR 

WEIGHT 

SPECIFIC 
GRAVITY  20/20  °C 

ALCOHOLS 

Isoamyt  Alcohol  99%  Natural) 

Same 

123-51-3 

99.0 

20 

0.2 

88 

0.811 

isoamvi  Aicof^c!  95%  -NaiuraH 

Same 

123-51-3 

95.0 

50 

0.5 

88 

0.811 

Kosher  available  upon  request 


CPS  SALES  SPECIFICATIONS 
ISOAMYL  ALCOHOL  95% 


TEST 

1071  PURITY,  WT%,  GC 
1013  MOISTURE,  KF,  WT% 

1011  COLOR,  APHA 

1082  ACIDITY  AS  ACETIC  ACID,  WT% 
1097  SPECIFIC  GRAVITY  @20/20C 
1096-B  DISTILLATION  RANGE,  IBP,  C 
1096 -A  DISTILLATION  RANGE,  DP,  C 

APPEARANCE-CLEAR  LIQUID/FFSM 


SPECIFICATION 

95 . 0 min . 

0.50  max- 
50  max. 

0.01  max- 
0.810  - 0.813 

126.0  - 500 

132.0  max . 


1017 
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Table  6.127:  Eastman  Latent  Solvents  (41) 


■ 

9j 

Formula 

Viscosity,  cP 
8%ASi/b-sNC 
@2SX 

Viscosity,  cP 
B%  CAB-MI -05 
@ 25“C 

Neat  Vis 
cP 

costly 

X 

Dtlutio 

Toluene 

n Ratio'' 
YMP 
1 Naphtha 

Bluaii 

Resislence 

%RH@0O‘F 

Specific 

GrwHly@ 

20'/20X 

Weloht 

@2 
Lb/Gal  ' 

Volume 

Kfl.l. 

naeti 
Point 
TCC,  ‘F 

Freezing 
Point,  -F 

METHYl  ALCOHOL 

3.5 

35 

CK-iOH 

r>n 

0.60 

2D 

22 

0,5 

0.792 

6.60 

0.79 

50 

- 

TECSOL  INDUS.  AND  PHOPHIETARY  SOLVENTS* 

1.7-1 .9 

- 

C2H5OH 

1.2-1 .5 

20 

0.789-0.820 

6.57-6.83 

0.79-0.82 

50 

-173 

ISOPROP VI  ALCOHOL  99^ 

t ■’ 

? l 

(CHi)iCHOH 

2 40 

20 

0 786 

6.54 

0 76 

5f, 

tvPHOPYl  ALCOHOL 

I t) 

‘2  t 

C1H7OH 

2.00 

25 

0,804 

6.71 

0.80 

74 

19/ 

SECONDARY  BUTYL  ALCOHOL 

0,9 

13.4 

CHjCHjCHOHCHa 

2.90 

25 

0.810 

6.73 

0.81 

72 

— 

tSOeUTYL  ALCOHOL 

0.6 

20.2 

CHjCH(CH3)CH20H 

4.00  I 

20 

0.803 

6.66 

0.80 

85 

-162 

11-BU7YL  ALCOHOL 

<i;.i 

>A2 

C4H<»0H 

3.00 

: 20 

0.811 

6.75  1 

0.81 

97 

129 

ML'HVi  iSviijiji  'u.  oAHr'Nt.  n 

' ! t .i  ■!  ti  jHi  t(CH 

0 805’' 

6.69' 

0 ;i;  i 

AMYL  ALCOHa  (MIXED  PRIMARY  ISOMERS) 

0.3 

40.3 

C5H11OH 

4.30 

20 

6.77* 

0,81* 

— 

-130 

CYCLOHEXANOL 

0.05 

242.0 

CH2(CH2)4CH0H 

52.70 

25 

0.947*’ 

7.87* 

0.94* 

- 

- 

2-ETHYLHEXANOL 

OOt 

t.210.2 

C4H9CH(C2Hs)CH20H 

7.70 

25 

0.833 

6.94 

0.83 

164 

■ 94 

LATENT  SOLVENTS 

va 

Torr 

porPrw 
•e  4 

isure 

KPa@55*C«< 

Surface  Ten 
Oyne/Cm 

tkxi 

‘C 

Bolling  Range 
@ 760  Torr, 

•c 

SoluMNIy 

Wt 

> In  Water 

@20*C 

% 

Water  In 

Azeo 

BP,  'C 

rope 

Wt% 

Waler** 

1 

Eleclrtcal 

Resislence,* 

Megohms 

Hai 

Total 

taen  Solubli 
Nonpolar 

ItyParame 

Polar 

iers' 

Hydrogen 

Bonding 

Gram 

Molecular 

Weight 

— 

TLV 

PPM 

1992 

METHYl  ALCOHOL 

100.0 

21.2 

69.0 

22.6 

20 

64-65 

Complete 

Complete; 

None 

- 

463 

1 3286 

20 

<0.1 

14.5 

7.4 

60 

109 

32.04 

200 

TECSOL  INDUS.  AND  PROPRIETARY  SOLVENTS* 

- 

„ 

37.6P 

22.4 

20 

74-82 

Complete^ 

Complete*! 

78.1 

4.0 

419 

1.3614 

20 

<0.1 

13.0 

7.7 

4.3 

9.5 

46.07 

ISOPHOPYl  AICOHOL.99". 

12  y 

20 

JU.u 

21.3 

20 

80.8-83  >; 

•■iO  i 

(2  b 

3()0 

1 3776 

2P 

3 0 

8.0 

1l! 

n PHOPYl  ALCOHOL 

-A.i. 

2(; 

15  ■ 

238 

20 

96-90 

' ’■ 

a 7 0 

28  3 

413 

1 3850 

20 

•(( . 

i2(l 

7 8 

3 3 

8 5 

(.0  lf> 

200 

SECONDARY  BUTYL  ALCOHOL 

120 

20 

24.0 

20 

98-101 

20,6 

3D.-;' 

87.0 

268 

406 

1 3972 

20 

'0.2 

10.fi 

77 

2 8 

7.1  1 

74  1? 

100 

ISOeUTYL  ALCOHOL 

9.0 

20 

9.5 

22.8 

20 

106-109 

9.5 

14.3 

89.8 

33.0 

416 

1.3955 

20 

<0.2 

11.1 

7.4 

2.8 

7.0 

74.12 

SO 

5 fi 

2n 

6 ’ 

24  6 

20 

itblVl 

/ ‘j 

■ 

42,5 

355 

1 .199) 

2(i 

•• !; . 

n.'.i 

'7  li 

2.8 

7 7 

.'4 

bit 

n-BUlYL  ALCOHOL 

■,  I 

Mi  lHYI  tSOUUIYl  OAHBlNut 

2.9 

20 

23.8 

20 

127-13^ 

1,7 

3.2. 

95.8 

54.4 

1,4014 

20 

{(.£.' 

— 

— 

88  15  1 

AMYL  ALCOHOL  (MIXED  PRIMARY  ISOMERS) 

0.9 

20 

35.1 

20 

160-162 

0,1 

:i.e 

97.8 

80.0 

300 

1.4656 

20 

0.4 

11.0 

8.5 

2.0 

6.6 

100.16 

50 

CVaOHEXANOL 

2-ETHYLHEXANOL 

0.05 

20 

026 

28.7 

20 

182  - Ibti 

(1  1 

99  1 

80.0 

288 

t.43lb 

2t! 

.JO 

9.9 

7.8 

1.6 

5.8 

130.20 

Denatured  Alcohols  Marketed  by  Eastman  (41) 


Tecsof 

Completely 

Tecsof 

Proprietary 

Denatured 

Special  Industrial  Solvents* 

Solvents* 

Alcohol* 

Composition 

A 

A-3 

B 

C 1 

D-2 

K 

t 

3 

COA-19 

S0A-3A 

100 

100 

too 

too 

100 

100 

100 

_ 

- 

SDA-1 

— 

— 

— 

— 

— 

— 

100 

100 

— 

Ethyl  alcohol 

- 

- 

- 

- 

- 

- 

- 

- 

— 

100 

MIBK 

1 

1 

1 

1 

t 

1 

— 

* 

d 

Isopropyl  alcohol 

10 

- 

5 

.5 

- 

100 

— 

~ 

Methyl  alcohol 

■“ 

10 

5 

" 

15 

_ 

Ethyl  acetate 

! 

i 

■“ 

‘v 

— 

5 

1 

Heptane 

— I — i 

... 

1 

~ 

1 

1 

Base  lor  special  industrial  alcohol  and  propneiaiy  alcohot 

SDA-3A— 100  gallons  ethyl  alcohol  with  5 gallons  synthetic  methanol 

SDA  l— 100  gallons  ethyl  alcohol  with  4 gallons  synthetic  methanol  and  1 gallon  MIBK 


^Avaiiabie  as  95%  (190  pfoof)  or  anhydrous  ;200  proat):  m gjitons 


(continued) 
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Table  6.127:  (continued) 

Denatured  Alcohol  Nomenclature  (41) 


Eastman 

Union  Carbide 

Quantum 

Grain  Processing 

Tecsoh,  95% 

Tecsol  1 , AnhycJrous 

5ynaso/ PM  41 
5ynaso/ PM  100 

So/ax-1 

So/ox- 1,  Anhydrous 

GPC1 90  Gov’t  Form  1 (1-1) 
Anhydrous  GPC  Gov’t  Form  1 (1-1) 

Tecsol3,  95% 
Tecsol  3,  AnhycJrous 

5ynaso/ PM  3224 
Synasol  PM  509 

Solox 

Solox,  Anhydrous 

GPC190  Gov’t  Form  II!  (1-1) 
Anhydrous  GPC  Gov’t  Form  III  (1  -1 ) 

Tecsol  A,  95% 
Tecsol  A,  Anhydrous 

Anhydrol  PM  4081 
Anhydro/ PM  4082 

F//mex  A-1 

Filmex  A-1 , Anhydrous 

GPC  190  Gov’t  Form  A (3A) 
Anhydrous  GPC  Gov't  Form  A (3A) 

7ecso/A-2,  95% 
Tecsol  A-2,  Anhydrous 

Anhydrol  PM  4079 
Anhydrol  PM  4083 

Filmex  A-2 

Filmex  A-2,  Anhydrous 

GPC  190  Gov  t Form  A2  (3A) 
Anhydrous  GPC  Gov  t Form  A2  (3A) 

Tecsol  B,  95% 
Tecsol  B,  Anhydrous 

Anhydrol  PM  4157 
Anhydrol  PM  4135 

Filmex  B 

Filmex  B,  Anhydrous 

GPC  190  Gov  t Form  B !3Ai 
Anhydrous  GPC  Gov't  Form  B (3A) 

Tecsol  C,S5% 
Tecsol  C,  Anhydrous 

Anhydrol  PM  4085 
Anhydrol  PM  4084 

Filmex  C 

Filmex  C,  Anhydrous 

GPC  190  Gov't  FormC(3A) 
Anhydrous  GPC  Gov’t  Form  C (3A) 

Tecsol  D,  95% 
Tecsol  D,  Anhydrous 

Anhydrol  PM  4080 
Anhydrol  PM  41 76 

Filmex  D-1 

Filmex  D-1 , Anhydrous 

GPC  190  Gov't  FormD(3A) 
Anhydrous  GPC  Gov’t  Form  D (3A) 

Tecsol  D-2,  95% 
Tecsol  D'2,  Anhydrous 

Anhydrol  PM  4078 
Anhydrol  PM  421 7 

Filmex  D-2 

Filmex  0-2,  Anhydrous 

GPC  190  Gov't  Form  02  (3A) 
Anhydrous  GPC  Gov't  Form  D2  (3A) 

Tecsol  H 

- 

- 

Table  6.128:  Hoechst  Celanese  Alcohols  (42) 


Methanol 


Physical  Properties 


Autoignition  Temperature.  C 

386 

Boiling  Point  at  760  mm  Hg,  "C 

64.65 

Boiling  Point  at  760  mm  Hg,  °F 

148.4 

Coefficienl  of  Thermal 

Expansion  per  "'C  20°C 

1.19x13 

Critical  Pressure,  atmospheres 

78.7 

Critical  Temperature,  X 

240.0 

Dielectric  Constant.  25  "C 

32.63 

Electrical  Conductivity  at  25°C,  mhos/cm  1 .5  x 1 0^ 

Evaporation  Rate  (BuAc  = 1 ) 

2.0 

Flammable  Limits  in  Air 

(lower  limit,  vol  %) 

5.5 

(upper  limit,  vol  %) 

36.0 

Flash  Point, 

Tag  Open  Cup,  F 

60 

Tag  Closed  Cup.  'F 

54 

Freezing  Point.  C 

-97.8 

Heat  of  Combustion, 

gas,  25X,  cal/gm 

5683 

Heat  of  Combustion 

liquid,  25°C,  cal/gm 

5420 

Heat  of  Vaporization,  cal/gm 

(at  normal  boiling  point) 

262.8 

Molecular  Weight 

32.04 

Refractive  Index,  n^ 

1 .3285 

Reid  Vapor  Pressure, 

pounds  per  square  inch 

2.2 

Solubility  at  20°C,  wt.  %,  in  water 

Complete 

water  in 

Complete 

Solubility  in  alcohol,  ether  or  water 

Complete 

Specific  Gravity,  20/20°C 

0.7925 

Specific  Heat  of  Liquid, 

cal/gm/X  at  20X 

0.599 

cal/gm/X  at  0°C 

0.566 

Surface  Tension  in  Air  at  20X, 

dynes/cm 

22.55 

Vapor  Density  (air  = 1) 

1.11 

Vapor  Pressure,  20‘^C,  mm  Hg 

96.0 

Viscosity  at  20°C,  centipoise 

0.614 

Weight,  pounds  per  gallon  at  20°C  (68°F)  6.59 

n-Butanol 

(Normal  Butyl  Alcohol,  1 -Butanol, 
Butyric  Alcohol,  Propyl  Carbinol, 
1-Hydroxybutano) 


Physical  Properties 

Autoignition  Temperature.  “C  367 

Boiling  Point  at  760  mm  Hg,  "’C  11 7.7 

Boiling  Point  at  760  mm  Hg,  °F  243.9 

Coefficient  of  Thermal  Expansion 

per  °C  (20^0-40^0)  0.93  x 1 0-a 

Critical  Pressure,  atmospheres  43.6 

Criticai  Tenr^rature,  °C  287 

Dielectric  Constant,  at  25°C  16.1 

Evaporation  Rate  (BuAc  = 1 ) 0.45 

Flammable  Limits 

(lower  limit,  vol  %)  1 -4 

(upper  limti,  vol  %)  1 1 -2 

Flashpoint 

Tag  Open  Cup,  °F  97 

Tag  Closed  Cup,  °F  84 

Freezing  Point,  °C  -89.9 

Heat  of  Combustion,  cal/gm  861 0 

Heat  of  Formation,  kcal/mole 

(liquid.  25°C)  -79.61 

Heal  of  Fusion,  cal/gm  29.9 

Heat  of  Vaporization,  cal/gm  at 

norma!  boiling  point  141 .3 

Molecular  Weight  74. 1 2 

Refractive  Irxtex  f .3992 

Solubility  at  20°C,  wt  % in  water  7.8 

water  in  20.1 

Specific  Gravity,  20/20®C  0.8109 

Specific  Heat  of  Liquid,  cal/gm°C 

at  2QPC  0.563 

Surface  Tension  in  Air  at  20°C 

dynes/cm  24.6 

Vapor  Density  (air  = 1)  2.57 

Vapor  Pressure,  20®C,  mm  Hg  4.4 

Viscosity  at  20°C,  centipoise  2.9 

Weight,  pounds  per  gallon 
at20“C(68°F) 


6.75 


Isobutanol 

(Isobutyl  Alcohol,  Isopropylcarbinol. 
2-Methyl-1  -Propanol) 


Physical  Properties 

Auloignrtlon  Temperature, '^C  440 

Boiling  Point.  760  mm  Hg.  °C  1 08.0 

760  mm  Hg,  °F  226.4 

Coefficienl  Thermal  Expansion 

per  °C  at  20°C,  (10°-30‘C)  0.95  x 1 0*3 

Critical  Pressure,  atmospheres  42.4 

Critical  Temperature,  X 227 

Electrical  Conductivity. 

mhos/cm,  25°C  8x10-3 

Evaporation  Rate  (n-BuAc  -1.0)  0.82 

Flammable  Limits  (lower  limit,  vol  %)  1 .2 

in  Air  @ 21 2°F  (upper  limK,  vol  %)  1 0.9 

Flash  Point,  Tag  Open  Cup,  °F  100 

Tag  Closed  Cup,  82 

Freezing  Point,  °C  '108 

Heat  of  Combustion,  cal/g  861 0 

Heat  of  Vaporization,  cal/g  at 

normal  boiling  point  1 38 

Molecular  Weight  74.12 

Refractive  Index,  1 *3959 

Solubility.  20°C,  wt  % in  water  8.5 

water  in  15.0 

Specific  Gravity,  20/20°C  0.8030 

Specific  Heat  of  Liquid, 

cal/grrv^at20°C  0.585 

Surface  Tension  at  20X,  dynes/cm  22.94 

Vapor  Density  (air  = 1 .0)  2.6 

Vapor  Pressure  at  20®C,  mm  Hg  8.8 

Viscosity.  20®C,  centipoise  3.95 

Weight,  pounds  per  gallon  at  20PC  6.68 


n-Propanol 

(Propylic  Alcohol,  Elhylcarbinol, 
Normal  Propyl  Alcohol) 


Physical  Properties 


Autoignition  Temperature,  °C 

371.1 

Boiling  Point  at  760  mm  Hg,  ®C 

97.2 

Boiling  Point  at  760  mm  Hg.  °F 

207.0 

Coefficient  of  Thermal 

E)q3ansion  per  °C  (0-94X) 

0.956  X 10-3 

Critical  Pressure,  atmospheres 

49.9 

Critical  Temperature,  °C 

263.7 

Distillation  Range,  ®C 

97.15  ±1 

Electrical  Conductivity, 
rrrfx)/cm  at  25°C 

2x10-® 

Evaporation  Rate  (BuAc  = 1 ) 

1.3 

Ranvne^e  Limits 
(bwer  limit,  vol  %) 

2.2 

(tpper  limit,  vol  %) 

14.0 

Rash  Point,  Tag  Open  Cup.  °F 

84 

Tag  Cbsed  Cup,  °F 

71 

Freezing  Point,  °C 

-127.0 

Heat  of  Combustion,  cal/gm 

8089.3 

Heat  of  Formation,  kcal/mole 
(vapor,  25®C) 

■60.87 

Heat  of  Fusion,  cal/gm  at  -126.6°C 

86.6 

Heat  of  Vaporization,  cal/gm  at 
normal  boiling  point 

188.0 

Molecular  Weight 

60.10 

Refractive  Index,  n® 

1.3854 

Solubility  at  20®C, 

in  alcohol,  ether,  water 

Comptete 

Specific  Gravity,  2Q/20®C 

0.8044 

Specific  Heat  of  Liquid, 
cal/gnrV°C  at  0°C 

0.526 

Surface  Tensbn  in  Air  at 
20°C,  dynes/cm 

23.75 

Vapor  Density  (air  = 1) 

2.07 

Vapor  Pressure,  20°C,  mm  Hg 

13 

Viscosity  at  20®C,  Centipoise 

2.2 

Weight,  pounds  per  gallon  at  20°C 

6.70 
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Table  6.129:  Proctor  and  Gamble  Fatty  Alcohols  (39) 


Chemical  Properties 

CO-1214 

CO-1270 

C0469S 

CO-1895 

CO-1897 

CO-1898 

TA-1618 

Hydroxyl  Vohie 

280-290 

285-295 

220-235 

200-215 

200-215 

200-215 

208-218 

(285) 

(289) 

(228) 

(204) 

(206) 

(207) 

(211) 

Add  Volue 

0.1  max 

0.10  max 

0.5  max 

0.5  max 

0.5  max 

0.5  mox 

1.0  max 

(0.0) 

(0.0) 

(0.19) 

(0.1) 

(0.1) 

(0.1) 

(0.0) 

Soponificotioti  Volue 

0.5  max 

0.5  max 

1.0  max 

2.0  mox 

1.0  max 

1.0  mox 

2.0  max 

(0.1) 

(0-1) 

(0.4) 

(0.6) 

(0.3) 

(0.3) 

(1.0) 

Iodine  Value 

0.3  max 

0.2  mox 

2.0  max 

2.0  mox 

2.0  max 

2.0  max 

1.0  max 

(0.1) 

(0.04) 

(0.8) 

(0.8) 

(0.4) 

(0.25) 

(0.3) 

Moisture  (%) 

0.)0  mox 

0.10  mox 

0.10  max 

0.10  max 

0.10  max 

0.10  max 

0.10  max 

(0.04) 

(0.04) 

(0.05) 

(0.04) 

(0.03) 

(0.02) 

(0.03) 

Add  Heat  Stobiljtv 
% Transmittance  @ 450  nm) 

90  min 
(97) 

90  min 
(99) 

Physical  Properties 


Coior-APHA 

10  mox 

10  max 

25  max 

25  max 

25  mox 

25  max 

25  max 

(4) 

(3) 

(3-6) 

(8) 

(9) 

(10) 

(11) 

Melting  Point,  (C) 

47  50 

56-60 

56-60 

56-60 

(50) 

(22) 

(49) 

(57) 

(58) 

(58) 

Appearance 

water  white 
mobile  liquid 

water  white 
mobile  liquid 

waxy  white 
solid 

waxy  white 
solia 

waxy  white 
Mdid 

woxy  white 
solia 

woxy  white 
solid 

Composition  (Vo  by  GC) 


C8  0.3  max 

(OJ) 


CIO 

1.0  max 
(0.5) 

1.5  max 
(0.7) 

C12 

65.0  min 

68.0-74.0 

(68.0) 

(71.2) 

(0.1) 

C14 

21.0-28.0 

24.0-30.0 

2.5  max 

1.5  max 

(26) 

(27) 

(0.3) 

(0.1) 

(0.1) 

(06) 

C16 

40-8.0 

1.5  max 

95.0  min 

2.5  max 

1.5  max 

23.0  33.0 

(5.6) 

(0.6) 

(96.5) 

(0.8) 

(0.5) 

(0.6) 

(30) 

C18 

0.5  max 

95.0-98.0 

97.5  min 

98.0-99.0 

65.0  min 

(0.0) 

(25) 

(96.6) 

(98.2) 

(98.6) 

(69) 

C20 

0.21.4 

2.0  max 

0.5  max 

1.5  mox 

(0.6) 

(0.3) 

(0.1) 

(01) 

Hydrocarbon 

1.0  max 

1.0  max 

15  max 

1.5  mox 

1.5  mox 

1.5  max 

1.5  mox 

(0.3) 

(04) 

(02) 

(0.3) 

(0.2) 

(0.1) 

(01) 

CAS  No. 

67762-41-8 

67762  41  8 

36653-82-4 

112  92  5 

112-92-5 

112  92  5 

67762-30  5 
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Table  6.130:  Shell  Chemical  Alcohols  (14) 


Typical  Properties  of  the  Alcohols 

Isopropyl 

Isobutyl 

Normal 

Secondary 

Methyl 

Diacetone 

2-Ethyl 

Alcohol 

Alcohol 

Butyl 

Alcohol 

Butyl 

Alcohol 

Isobutyl 

Carbinol 

Alcohol 

Hexanol 

Molecular  Weight 

60.096 

74.124 

74.124 

74.124 

102.178 

116.162 

130.231 

Specific  Gravity  (Apparent) 

60/60  ‘’F 

0.7893 

0.8060 

0.8135 

0.8109 

0.8107 

0.9441 

0.8362 

20/20  X 
25/25  "C 

0.7864 

0.8033 

0.8109 

0.8080 

0.8078 

0.9409 

0.8338 

0.7832 

0.8006 

0.8082 

0.8050 

0.8048 

0.9374 

0.8312 

Wt.  per  U.S.  Gallon  (in  air) 

60  "F 

6.574 

6.712 

6.775 

6.753 

6.751 

7.863 

6.964 

20  °C 

6.544 

6.685 

6.748 

6.724 

6.722 

7.830 

6.938 

25  °C  (VOC  content) 

6.510 

6.654 

6.718 

6.691 

6.689 

7.792 

6.909 

Boiling  Point  at  760  mm 

"C 

82.33 

107.89 

117.73 

99.50 

131 .8 

169.2 

184.8 

°F 

180,19 

226.20 

243.91 

211.10 

269.24 

336.6 

364.64 

Boiling  Point  Change 

°C/mm  at  760  mm 

0.0325 

0.0360 

0.0370 

0.0349 

0.0407 

0,075 

0.049 

Vapor  Pressure  at  20  °C,  mm 

32.8 

8.77 

4.3 

12.5 

2.2 

0.81 

0.20 

Freezing  Point  at  760  mm,  ”C 

-88.43 

-108 

-89.3 

-114.7 

-90 

-44 

<-75 

Refractive  Index, 

1.37720 

1 .3959 

1.3993 

1 .3969 

1.4110 

1.4234 

1 .4328 

Heat  of  Vaporization 

cal/g  at  760  mm 

159.23 

139 

141.5 

134.41 

99.87 

90 

93 

Heat  of  Fusion  at  Melting  Pt. 

cal/g 

21.37 

— 

— 

— 

— 

Specific  Heat  (liquid) 

cal/g  °C 

0.541 

0.581 

0.564 

0.540 

0.52 

0.62 

0.564 

Flash  Point,  Tag  Open  Cup 

°F,  Approx. 

60 

100 

110 

80 

131 

135 

185 

Flash  Point,  Tag  Closed  Cup 

°F,  Approx. 

53 

86 

98 

72 

103 

126 

166 

Autoignition  Temp. 

°F,  Approx. 

750 

800 

650 

761 

— 

— 

Flammable  Limits  in  Air 

%v  of  Compound 

Upper 

12 

10.9 

11.2 

9.0 

5.5 





Lnwpr 

2.0 

1.7 

1.4 

1.7 

1.0 

— 

— 

Solubility,  %wt 

in  water  at  20 

complete 

8.7 

7.7 

15.4 

1.6 

complete 

0.07 

water  in  at  20  °C 

complete 

15 

20.1 

65.1 

6.3 

complete 

2.6 

Azeotrope  with  Water 

% w compound 

87.70 

67 

57.5 

72.7 

55.6 

12.7 

20 

Boil  Pt.  at  760  mm,  °C 

80.16 

89.8 

92.7 

87.5 

94.3 

98.8 

99.1 

Viscosity,  cps 

at15X 

2.859 









— 

— 

at  20  X 

— 

3.98 

2.96 

3.78 

_ 



8.14 

at  25  "C 
at  30 

2.4 

3.4 

2.6 

2.9 

3.8 

2.9 

7.7 

— 

— 

— 

— 

— 

— 

— 

Surface  Tension, 

dyne/cm  at  20  °C 

21.35 

22.8 

24.6 

23.0 

22.8 

28.9 

— 

Table  6.131:  Union  Carbide  Aicohois  (19) 


Product 

Formula 

i 

Moleculor 

Weight 

Relotive 
Evoporaiion 
Rote; 
nBuAc  4 1 

Vapor 
Pressure 
at  20“C 
mm  Hg 

Density 

ot20“C, 

Ib/gal 

Gravity 
at 20/20“C 

Total 

Spatfc  Hoy  Solubility  Parameters 
H^rogen 

,i>nding  Polar  Non-Polor 

Alcohols 

1 

Amyl  Alcohol,  Primary 

C^H,,OH  (Mixed  Isomers) 

88.15 

0 i8| 

1.6 

6.79 

0.816 

11.1 

7.2 

4.4 

7 3 

n-Butonol 

C^H^OH 

74  12 

0.44| 

4.2 

6.75 

0.811 

11.6 

7.6 

4.9 

73 

Diisobuty!  Carbinol 

C9H,^0H  (Mixed  Isomers) 

144.26 

00/' 

0.1 

6.76 

0.812 

9.0 

4.5 

3.3 

7.0 

Eriianol,  95%  "^' 

CjHjOH 

46.07 

3 oe' 

41.4 

6.75 

0.811 

12.8 

9.8 

5.5 

6 2 

2'Ethyihr)«.oiK>i 

C^H^CH{Cp^)CHpH 

130.23 

■O.U) 

0.1 

6,94 

0.834 

102 

5.9 

3.8 

7.4 

Isobutonol 

CH3CH(CH3)CH20H 

74  12 

0 7 A 

72 

6.68 

0803 

11.2 

7.3 

4.8 

7 1 

Isaproponol,  Anhydrous 

’CH3CH(CH3)0H 

60,10 

2.90 

33  0 

6.55 

0 786 

115 

7.8 

4 8 

69 

Methyl  Amyi  Alcohol 

CH3CH(CH3)CH2CH(CH3)0H 

102.18 

0.43, 

3.7 

6.72 

0.808 

9.0 

5.1 

37 

6.4 

2-Methyl  Butanol 

CH3CH2CH(CH3)CH20H 

88.15 

0.24 

2.0* 

6.81 

0.816 

111 

6.9 

4.5 

7.4 

n-Pentanol 

C^H„OH 

88.15 

0.1 8j 

16 

6.79 

0.816 

10.8 

7.0 

4.4 

7.0 

n-Propanol 

C3H70H 

60.10 

1.30* 

6.71 

0.805 

12.2 

8,6 

5.2 

6.9 

Alcohols 

Viscosity 
, at  20X, 
cP 

Surfoce 
Tension 
ot20X,  ' 
dynes/cm  ; 

Boiling 
Point  at 
760  mm  Hg, 
X 

Solubility  at  20*"C, 
Percent  by  Wt 

In  Water  Water  In 

Plash  Point 
Tog  Closed 
Cup,  ®P 

Electrical 

Resistance'®’, 

Megohms 

Odor  Detection 
Threshold'*’’ 
ED50,  ppm 

Title  in  Listed 
Hazardous  Air 
Pollutant'** 

CAS 

Registration 

Number 

Amyl  Alcohol,  Primary  4.0 

25  7 

V 137.9 

17 

9? 

113 

No 

M»>  iuM? 

n-Butanol 

2.9 

24.8 

117.7 

7 7 

20  0 

95 

0 18 

2 28 

No 

71  36  3 

Diisobutyl  Corbinol 

13.9 

26.0 

178.0 

006 

1 

149 

No 

Mixture 

EHianol, 

1.2 

22  5 

80.0 

62 

No 

64  17  .5 

2-Elhyli»cK,atK>l 

9Q 

26.8 

184.6 

0.07 

7 6 

162 

No 

1 04  76  7 

Isobutonol 

3 9 

230 

107.9 

8 5 

l.S.O 

82 

0 18 

No 

/a  8 1 i 

Isoproponol,  Anhydrous  2 4 

21  4 

82  3 

Compirif 

.53 

No 

6.  0 

Methyl  Amyl  Alcohol 

5 1 

23  1 

131.7 

1.7 

5 b 

102 

No 

108  i 1 2 

2-Mcriiyl  Butanol 

50 

25  5 

128.7 

22 

R 3 

1 10 

No 

132  32  6 

n-Pentanol 

4.0 

257 

137.9 

26 

9 5 

1 IV 

- 

No 

71  41  0 

n-Propanol 

2 2 

23.8 

97.2 

Complete 

76 

0 18 

No 

71  23  B 
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ALLYL  ALCOHOL 

Table  6.132:  Physical  Properties  of  Allyl  Alcohol  (31) 


Boiling  point  at  760  mm 
Coefficient  of  expansion  at  20*C 
Color  (Pt-Co,  Hazen) 

Critical  temperature 

Distillation  range,  IBP 
DP 

Fire  hazard 

Flash  point  (Open  cup) 

(Closed  cup) 

F reczing  point 

Heat  of  combustion  (vapor) 

Ignition  temperature  in  air 

in  oxygen 

Latent  heat  of  vaporization 
at  760  mm 

MAC 

Melting  point 
Molecular  weight 
Purity 

Refractive  index  at  20*C,  n^^ 
Specific  gravity  at  25/25®C 


96.90'C 

0.00101  per  *C 
15  max. 

271.9*C 

95*C,  min. 

98*C,  min. 

Dangerous  when  exposed 
to  heat  or  flame 

90*F 

72*F 

Becomes  a glass  at  -190*C 
442.4  kg  cal/gm  mole 

443*C 

348*C 

9550  cal/mole  (295BTU/lb) 

5 ppm  in  air 

-129*C 

58.078 

98.0%  by  wt.,  min. 

1.4134 

0.8501 


Specific  heat,  Cp  for  liquid, 
20-95X 

Surface  tension  at  20*C 
Toxicity 

Vapor  pressure  at  20*C 
Viscosity  at  30*C 
Water 

Weight  per  gallon  at  20*C 


0.665  g cal/g  -"C 
25.68  dynes/cm 

Highly  toxic  by  inhalation 
and  ingestion 

17.3  mm 
0.01072  poises 
0.3%  by  wt.,  max. 

7.11  lbs. 


Table  6.133:  Azeotropes  of  Alkyl  Alcohol  (31) 

ALLYL  ALCOHOL  FORMS  BINARY  AZEOTROPES  WITH 


% 

B.  P,  of  Azeotrope  "C 

70 

Allyl  ether 

89.8 

82.6 

Benzene 

76.8 

70 

1 -Bromobutane 

89.5 

91 

1 -Bromopropane 

69.4 

17.5 

Chlorobenzene 

96.5 

85 

I'Chlorobutane 

74.5 

71 

1 -Chloro-3-methylbutane 

88.3 

93 

1 -Chloro-2-methylpropane 

67.0 

80 

Cyclohexane 

74.0 

78.3 

Cyclohexene 

76.3 

89 

Diethoxymethane 

87.0 

46 

Ethyl  propionate 

93.2 

55 

Ethyl  aulfide 

85.1 

63 

Heptane 

84.5 

95.5 

Hexane 

65.5 

48 

laobutyl  formate 

93.0 

64 

3 - Methyl  - 2 -butanone 

93.5 

49 

Methyl  butyrate 

94.7 

77 

Methyl  carbonate 

86.4 

58 

Methylcyclohexane 

85.0 

72 

Methyl  iaobutyrate 

89.8 

32 

Octane 

93.4 

30 

2 - Pentanone 

96.0 

28 

3-Pentanone 

96.0 

48 

Propyl  acetate 

94.6 

26 

Propyl  alcohol 

96.7 

70 

Propyl  ether 

85.7 

50 

Toluene 

91.5 
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CROTYL  ALCOHOL 

Crotyf  alcohol  is  a clear,  stable  liquid  with  a straight-chain,  bifunctional  molecular  structure,  CH3— CH=CH—CH20H . 
A highly  reactive  compound,  crotyl  alcohol  should  find  use  in  the  manufacture  of  agricultural  chemicals,  plastics  and 
polymer  additives,  vornish  ingredients,  and  pharmaceuticals. 

The  bifunctionality  or  two  reactive  points  — hydroxy  group  and  point  of  unsaturation  — account  for  the  high  degree  of 
chemical  reactivity  of  crotyl  alcohol.  The  hydroxy  group  undergoes  such  reactions  as  esterification  and  etherification; 
whereas  the  double  bond  enters  into  polymerization  and  addition  reactions. 


Table  6.134:  Physical  Properties  of  Crotyl  Alcohol  (41) 


Empirical  formula  C4HgO 

Molecular  weight  (theoretical)  72. 10 

Physical  form  Clear  liquid 

Color,  APHA,  ppm.  15 

Purity,  by  gas  chromatography,  % 97-98 

Acidity,  as  crotonic  acid,  % 0.049 

Boiling  range,  760  mm. , * C. 

Initial  boiling  point  121 

Dry  point  126 

Specific  gravity,  20*/20®C.  0.  8550 

Bulk  density,  lb. /gal. , 20“  C.  7.12 


Flash  point.  Tag  Open  Cup,  “ F. 
Fire  point.  Tag  Open  Cup,  “ F. 
Isomer  concentration  (approximate) 
Viscosity,  75*  F.  (23.  9*  C.),  cs. 

Solubility,  25*  C. , wt.  % 
in  water 
water  in 

ethyl  alcohol 
acetone 


113  (45*  C.) 
113  (45*  C.) 
3:ltrans:cis 
32.7 


Completely  miscible 
with  water  in  all 
proportions 

miscible 

miscible 


METHYLBUTYNYL  ALCOHOL 

Methylbutynol,  2 -Methyl -3-Butyn-2-ol 


HCCC0H(CH3)2 


Methylbutynyl  alcohol  is  a tertiary  acetylenic  alcohol  with  an  isaprenoid  structure. 


Table  6.135:  Physical  Properties  of  Methylbutynyl  Alcohol  (31) 


Boiling  point 
Fire  hezerd 


Flesh  point,  Tag  open  cup 
Freezing  point 

Refractive  index  at  20*C,  nj) 
Specific  gravity.  20/20*C 
Surface  tension  at  25*C 

Vapor  pressure  at  20*C 
at  52*C 


104  - 105*C 

Dangerous  when 
exposed  to  heat  or 
flame 

87.4*F 

2.6*C 

1.4211 

0.B672 

23.  B dynes/cm  (pure) 
41.7  dyncs/cm 
( 5%  in  wate  r ) 

12  mm 
BO  mm 


Weight  per  gallon 


7.24  lbs 
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METHYLPENTYNYL  ALCOHOL 


Table  6.136:  Physical  Properties  of  Methylpentynyl  Alcohol  (31) 


Boiling  point 


121  - 122*C 


Fire  hazard 


Mode  rate 


Flash  point,  Tag  open  cup 
F reezing  point 

Refractive  index  at  20“C  , n£) 
Solubility  in  water  at  25“C 
Specific  gravity  at  20/20*C 
Surface  tension  at  25®C 


Vapor  pressure  at  20“C 
at  68*C 


101  . 3*F 
-30. 6“C 
1 .4318 

12.8  g (100  g) 

0.8721 

23. 8 dyne  s/cm  (pure) 
34.  1 dynes/cm 

( 57o  in  wate  r ) 

4 mm 
90  mm 


Weight  per  gallon 


7.28  lbs 


HIGHER  UNSATURATED  ALCOHOLS 

Table  6.137:  Unsaturated  Aliphatic  Alcohols  (69) 


Systematic  Name 

Common  Name 

— 

Empirical 

Formula 

— 

Mol.Wt 

Double 

Bonds 

Boiling  Pt.  oC. 

9:10-Dodecenol 

Lauroleyl 

184.31 

1 

157/15  mm 

9: 10-Tetradecenol 

Myristoleyl 

S4»27°« 

212,36 

1 

9:10“Hexadecenol 

Palmitoleyl 

240,41 

1 

9:  lO-Octadecenol 

Oleyl 

‘^18»35°» 

268,46 

1 

208-209/I5mm 

9:10-Eiscosenol 

Gadoleyl 

S0»39°« 

296.51 

1 

13: 14-Docosenol 

Erucyl 

S2»43°» 

324.57 

1 

240. 5-241. 5/l0mm 

9:10,  12: 13-Octadecadienol 

Linoleyl 

‘^18»33°« 

266.45 

2 

148-150/1  mm 

9:10, 12:13, 15:l6-Octadecatrienol 

Linolenyl 

‘"l8»31°» 

264.43 

3 

9:10, 11:12, 13: 14-Octadecatrienol 

Elaeostearyl 

S8»31°» 

264.43 

3 

9:10-Octadecen-l,12-diol 

Ricinoleyl 

Cl8»34<°«)2 

284.47 

1 

5:6, 8:9, 11:12, 14:15-Eicosatetraenol 

Arachidonyl 

^20^33^^ 

290.31 

4 

4: 5,  8:9, 12: 13, 15:16, 19:20-Docosapentenol 

Clupanodonyl 

C22»350» 

316.0 

5 

* Ralston,  A.  W.,  “Fatty  Acids  and  Their  Derivatives”,  p.  733. 

* Hilditch,  T.  A.,  “The  Chemical  Constitution  of  Natural  Fats”. 

* Brockelsby,  H.  P.,  “The  Chemistry  and  Technology  of  Marine  Oils  with  Particular  Reference  to  Those  of 

Canada”,  p.  90. 


DIACETONE  ALCOHOL 

Table  6.138:  Physical  Properties  of  DIacetone  Alcohol  (31) 


Acidity  as  acetic  acid 

0 . 0 1 % by  wt , max. 

Molecular  weight 

116.16 

Azeotrope  with  water: 

Refractive  index  at  20“C,  nj) 

1.4232 

boiling  point,  760  mm 
diacetone 

98. 8-C 
1 2 . 7%  by  wt 

Relative  evaporation  rate 
( n -butyl  acetate  = 100) 

14 

Boiling  point,  760  mm 
Coefficient  of  expansion 
at  55*C 

169. 2*C 
0.00100 

Specific  gravity  at  20*C 
Specific  heat  at  15“C 

0.9406 

0.500  cal/gm/*C 

Fire  hazard 

Moderate 

T oxicity 

Slight 

Flash  point.  Open  cup 

155T 

Vapor  pressure  at  20“C 

0. 97  mm 

F reezing  point 

-42.8*C 

Viscosity  at  20*C 

3 . 2 cps 

Heat  of  vaporization,  1 atm. 
Hydrocarbon  solubility 

162  Btu/lb 
Complete 

Water  at  20"C 

Miscible  without  turbid- 
ity with  19  vol.  of 
60®  Be  gasoline 

MAC 

50  ppm  in  air 

Weight  per  gallon  at  20*C 

7.82  lbs 
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2-MERCAPTOETHYL  ALCOHOL 

Table  6.139:  Physical  Properties  of  2-Mercaptoethyl  Alcohol  (31) 


Boiling  point  at  760  mm 

156. 9*C 

50  mm 

83*C 

10  mm 

53*C 

Coefficient  of  expansion 
at  55*C 

0.00080 

Fire  hazard 

Moderate 

Flash  point,  Open  cup 

170*F 

Heat  of  vaporization 

257  Btu/lb 

Molecular  weight 

78.13 

Refractive  index  at  20*C,  no 

1.5011 

Relative  evaporation  rate 
(n -butyl  acetate  =100) 

13 

Solubility  in  water  at  20 *C 

Complete 

Solubility  of  water  in,  at  20*C 

Complete 

Specific  gravity  at  20/20 *C 

1.1168 

Vapor  pressure  at  20*C 

1 . 2 mm 

Viscosity  (absolute)  at  20* C 

3.4  cps. 

Toxicity 

Moderate  (acute  local) 

Weight  per  gallon  at  20* C 

9.30  lbs 

2-ETHYLSULFONYLETHYL  ALCOHOL 

Table  6.140:  Physical  Properties  of  2-Ethylsulfonylethyl  Alcohol  (37) 

Acidity  as  acetic  acid 

0.25%  max. 

Boiling  range  at  2.5  mm 

155  to  156*C 

Fire  hazard 

Slight 

Fire  point 

406*F 

Flash  point.  Tag  open  cup 

370-F 

Moisture  content 

1.5%  max. 

Molecular  weight 

138.19 

Refractive  index  at  26*C,  n^ 

1.4679 

Set  point 

40.5  to  42.5*C 

Specific  gravity  at  45/20*C 

1.252  to  1.258  g/ml 

Toxicity 

Slight 

Viscosity  at  60*C 

12.8  cps. 

1,1,1-TRIFLUOROETHYL  ALCOHOL 


Table  6.141:  Trifiuoroethanol  Physical  Properties  (25) 


Motecular  Weight  (CFjCH, OH) 100.04 

Bolling  Point. -C 73.6 

Melting  Point,  ’C ~45.0 

Flash  Point  (Open  Cup),  "F  105 

(Closed  Cup),  *F 92 

Fire  Point None 

Density.25-C/4*C 1.3823 

Refractive  Index,  n”  1 .2907 

Critical  Temperature,  *C 227 

Critical  Pressure,  psia 715 


Heal  of  Vaporization,  Btu/lb 149 

Heat  of  combustion’*,  kcal./mot - 21 1 .9 

Vapor  Pressure  vs.  Temperature,  looP-  1910  . o on 

(mm.Hg.,  “K)  ^ +o.o;j 

Thermal  Conductivity,  Btu/hr.  ft. 

(&104-F 0.071 

Viscosity,  centlstokes,  100 *F  0.90 

ionization  Constant  4.3  x 10  " 

OipoleMoment'^M(D)25•C 2.03 

Dielectric  Constant ", £(25  X) 26.14 


Monohydric  Alcohols  337 


Table  6.142:  Polymer  Solubilities  in  Trifluoroethanol  (25) 

POLYMER  SOLUBILITIES  IN  TRIFLUOROETHANOL 


solubility  j 

nylon  6/6 

nylon  6 

nylon  6/10 

Zytel " 61  * i 

g./100  g.  solution  at  b.p.  {ca  80  X)  | 

13 

>20 

14 

>26 

g./lOO  g.  solution  at  24 *C 

3 

11 

3 

>26 

Insoluble  Polymers  at  b.p.: 
Other  Soluble  Polymers: 

Delrin®,  Lexan®,  Mylar®,  Polyethylene  (high  and  low  density). 
Polypropylene,  Orion® 

Polymethacrylate  (>27  wt.  % at  24  X}:  Cellulose  Acetate 

Slightly  soluble: 

’a  duPont  “soJuble"  ny»on 

(>28  wt.  % at  24  "C):  Polyvinyl  Acetate  (>24  wt.  % at  24  X). 

Nylon  11  {0.2  wt.  %)  | 

i 

Table  6.143:  Salt  Solubility  <wt.  %)  In  Trifluoroethanol  at  25^C  (25) 

Salts 

Inorganic  salts  are  slightly  soluble  trifluoroethanol  containing  0.2%  water.  The  same  salts  are  bout  2 to  3 times  more  soluble 
in  the  alcohol  containing  5%  water.  This  combination  of  alcohol  and  water  is  convenient  for  conductometric  titrations  and 
organic  ionic  reactions. 


SOLUBILITY  (WT.%)  IN  TRIFLUOROETHANOL  AT  25^C 


Water  Content 

LiCI 

NaCl 

NaF 

Kl 

KBr 

CaCI; 

0.2% 

HRHjji 

0.03 

0.007 

0.9 

0.3 

0.04 

5.0% 

4.2 

0.08 

0.02 

2.1 

0.6 

0.12 

Table  6.144:  Solubility  of  Gases  In  Trifluoroethanol  at  27^0  (25) 

Gases 

The  simple  gases  have  solubilities  in  trifluoroethanol  which  are  similar  to  their  solubilities  in  water. 

SOLUBILITY  OF  GASES 
IN  TRIFLUOROETHANOL  AT  27^C 

(ml.  of  gas/ml,  of  liquid) 


0, 

o 

p 

L 

0.06 

0.13 

1.8 

Table  6.145:  Vapor  Pressure  vs.  Temperature  (25) 
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Table  6.146:  Freezing  Point:  Trifluoroethanol- Water  (25) 


Mol  % Trifluoroethonot 


Table  6.147:  Infrared  Spectrum  (25) 


CM-' 


Sconn*4  DK  PCHNtN-ELHFH  isr  DOtm  CtUt 


1 H,1  H,3H-TETRAFLUORO-1  -PROPYL  ALCOHOL 

Table  6.148:  Physical  Properties  of  1H,1H,3H-Tetrafluoro-1 -Propyl  Alcohol  (31) 


Acid  namber 
Boiling  point  at  760  mm 
Density  at  20*C 
Distillation  range  at  760  mm 

Fluorine  content 
Formula  weight 
Hydroxyl  number 
Melting  point 
Moisture  content 
Purity 

Refractive  index  at  20*C»  nQ 
Surface  tension  at  20*C 


0.82 

109  - U0*C 
1.4853  g/ml 

90%  between  99.5* 
and  108. 5*C 

57.5% 

132.06 
398 
-15*C 
0.40% 

> 95% 

1,3197 

27.6  dynes/cm 
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1H,1H,5H-0CTAFLU0R0-1-PENTYL  ALCOHOL 

Table  6.149:  Physical  Properties  of  1H,lH,5H-Octafluoro-1 -Pentyl  Alcohol  (31) 


Acid  number 

0.70 

Boiling  point  at  760  mm 

140  - 141*C 

Density  at  20  *C 

1.6647  g/ml 

Distillation  range.  ASTM, 

90%  between  133.0* 

at  760  mm 

and  141. 0*C 

Fluorine  content 

65.5% 

Formula  weight 

232.06 

Hydroxyl  number 

224 

Moisture  content 

0.08% 

Purity 

> 95% 

Refractive  index  at  20*C.  n0 

1.3190 

Surface  tension  at  20 *C 

24. 5 dynes/cm 

BENZYL  ALCOHOL 

Table  6.150:  Physical  Properties  of  Benzyl  Alcohol  (31) 

Acidity  as  benzoic  acid 

0.15%  max. 

Latent  heat  of  evaporation  at  204.25*C 

111.56gmcal/gm 

Aldehyde  as  benzaldehyde 

0.50%  max. 

Molecular  weight 

106.13 

Boiling  point 

205.3*C 

Refractive  index  at  20*C, 

D 

1.5334-1.5397 

Chlorine  as  benzyl  chloride 

0.15%  max. 

Solubility  in  water 

1 part  in  30  parts 

Dielectric  constant 

1.66 

of  water 

Distillation  range,  Ibp 

195*C  min. 

Specific  gravity  at  25/25*C 

1.044-1.058 

5% 

20VC 

Specific  heat  at  15>20*C 

0.5402  cal/gm 

90% 

207»C 

Surface  tension  (c.  g.  s.  units) 

39.71 

95% 

210*C  max. 

Toxicity 

Slight 

Electrical  conductivity  at  25*C 

18  X 10"’  recip. 
chmt. 

Vapor  pressure  at  30*C 

0.100  mm 

Fire  hazard 

Slight 

Viscosity  at  20*C 

0.05582  cps. 

Flash  point  (Open  cup) 

213*F 

Weight  per  gallon  at  20*C 

9.78  lbs. 

Freezing  point 

-15.3*C 

Heat  of  combustion 

893  kg  cal/mole 

Table  6.151:  VELSICOL  Benzyl  Alcohol  (59) 

Benzyl  Alcohol,  Reagent  Grade 

Benzyl  Alcohol  is  a clear,  colorless  liquid  with  a mild,  pleasant  aromatic  odor.  It  is  a primary  alcohol  with  reactive 
methylene  and  nuclear  hydrogen.  The  reagent  grade  is  a high  purity  material  with  analytical  utility. 


SPECIFICATIONS 

Assay,  (G.C.),  % minimum  99.0 

Solubility,  in  25  ml  water  at  25"C,  g 1 

Benzaldehyde  content  (U.V.  determination),  % maximum  0.03 

Halogen  (Beilstein  Test)  ^ Negative 


TYPICAL  PROPERTIES 
Boiling  Point, 

5 mm  Hg,  ‘T7"C  

760mmHg,‘T/‘'C 

Vapor  Pressure,  mm  Hg 

at86‘^F/30'C 

at212“F/10OC  

Melting  Point, ‘’F/"C  

Specific  Gravity,  25‘725‘G 
Refractive  Index,  25‘G  — 
Vapor  Density  (air=l)  — 


177.8V8H 

401V205® 


0.1 

13.3 


- -sv-is** 

1.042-1.047 


1.5390-1.5410 
3.72 
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FURFURYL  ALCOHOL 

Table  6.152:  Physical  Properties  of  Furfuryl  Alcohol  (46) 


PHYSICAL  PROPERTIES 


General  Properties 

Molecular  Weight 

98.10 

Bolling  Point  (at  760  mm  Hg) 

°C 

170 

"F 

338 

Freezing  Point,  metastable  crystalline  form 

°C 

-29 

T 

-20.2 

Freezing  Point,  stable  crystalline  form 

"C 

14.63 

T 

5.7 

Density  (at  20°C,  68”F),  g/cm^ 

1.1285 

Specific  Gravity,  20/20"C 

1.1351 

Refractive  Index 

1.4868-1.4870 

1,4843-1.4845 

Vapor  Density  (air  = 1) 

3.38 

Vapor  Pressure  (at  31 .8°C,  89.2°F),  mm  Hg 

1 

Also  see  Table  1 & Figure  8 

Thermodynamic  Properties 

Heat  of  Vaporization,  cal/g 

122 

Heat  Capacity,  cal/g-°C 

liquid  at  - 20®C 

0.450 

liquid  at  0°C 

0.472 

liquid  at  25°C 

0.502 

stable  crystalline  form  at  ~40°C 

0.256 

stable  crystalline  form  at  - 20“C 

0.278 

Thermal  Conductivity,  kcal/m-hr-“C 

0.154 

Heat  of  Combustion,  kcal/gmole 

at  constant  volume 

608.9 

at  constant  pressure 

609.2 

Heat  of  Formation,  liquid,  kcal/gmole 

- 66.06 

Heat  of  Fusion,  stable  crystalline  form,  cal/g 

31,8 

Thermal  Expansion  Coefficient* 

p/°C(-17.8to37.8“C) 

8.52x10"* 

p/°F  (OtolOOT) 

4.53x10-" 

Pi^  “ p2^  (Note:  p = specific  gravity 

^ 2(t>-t,)p,p,  1 = temperature) 

Fluid  Properties 

Viscosity  (at  25°C,  77°F),  cps 

5 

Surface  Tertsion  (at  25°C,  77°F),  dynes/cm 

38.2 

Furfuryl  AlcohoFWater  Azeotrope 
(at  760  mm  Hg) 

Boiling  Point  of  Vapor 

°C 

99 

°F 

210.2 

Composition,  wt  % 

Furfuryl  Alcohol 

ca  9 

Water 

ca  91 

Other  Properties 

Physical  State 

Liquid 

Color 

Colorless 

to  Yellow 

Odor 

Mild& 

Chemical  Oxygen  Demand,  Ib/lb  FA 

Characteristic 

1.75 

Biochemical  Oxygen  Demand 

0.81 

(5  days.  20'^C),  Ib/lb  FA 
Dipole  Moment,  e.s.u. 

1.92  X 10*® 

Solubility  Parameter,  (cal/cm^)’'^ 

12.5 

Solubility  in 
Water 

00 

Alcohol 

00 

Ether 

00 

Flammability  Properties  of  Commercial 
QO®  FA®  Furfuryl  Alcohol 

Flash  Point 
Tagliabue,  closed  cup 
“C 

77 

T 

170 

Pensky-Martens,  closed  cup 
“C 

83 

T 

182 

(Based  on  flash  point,  furfuryl  alcohol  is  classified 
as  a Combustible  Liquid  Class  IMA.') 

Flammability  Limits  (in  dry  air  at  72.5-1 22°C) 
% by  volume 
Lower  limit 

1.8 

Upper  limit 

16.3 

Ignition  Temperature 
In  air 
"C 

391 

“F 

736 

In  oxygen 
°C 

364 

°F 

687 

DOT  Label  Required 
U.S. 

none** 

international 

See  IMCO 

regulations 

* Refers  to  Code  29  CFR  1910.106  of  Federal  Regulations. 

“When  shipping  via  UPS,  consult  their  Guide  For  Shipping  Hazardous 
Materials  Via  UPS. 


QO®  FA®  Furfuryl  Alcohol  Specifications* 


Furfuryl  Alcohol,  Assay,  wt  %,  Minimum  98.0 

Moisture,  wt  %,  Maximum  0.3 

Furfural,  wt  %,  Maximum  0.7 

Cloud  Point,  °C,  Maximum**  10.0 

'Methods  available  upon  request. 


'*The  cloud  point  of  furfuryl  alcohol  is  determined  by  diluting  15  ml  of  the 
alcohol  with  30  ml  of  water  and  cooling  the  clear  solution  until  it  becomes 
definitely  cloudy.  The  solution  is  then  allowed  to  warm  up  with  stirring 
until  it  is  just  clear.  At  this  point,  cooling  produces  an  immediate 
cloudiness;  this  temperature  is  recorded  as  the  cloud  point  (9). 
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Table  6.153:  Vapor  Pressure  of 

Furfuryl  Alcohol  (46) 


Table  6.154:  Pounds  per  Gallon  of  Furfuryl  Alcohol 
at  Various  Temperatures  (46) 


*c 

Temperature 

Pressure 
mm  Hg 

31.8 

89.2 

1 

A 

40 

104 

1,8 

0 

55.5 

131.9 

5.5 

□ 

56.0 

132.8 

5 

A 

60 

140 

6.3 

0 

68.0 

154.4 

10 

A 

75.5 

167.9 

16 

□ 

80 

176 

20.3 

0 

81.0 

177,8 

20 

A 

95.5 

203.9 

44 

□ 

95.7 

204,3 

40 

A 

100 

212 

53.5 

O 

104.0 

219.2 

60 

A 

108.5 

227.3 

78 

□ 

115.9 

240.6 

100 

A 

120 

248 

127.4 

O 

129.5 

265.1 

194 

□ 

133.1 

271.6 

200 

A 

140 

284 

271.0 

O 

144.0 

291.2 

343 

□ 

151.8 

305  3 

400 

A 

157.0 

314.6 

522 

□ 

170.0 

338 

760 

A 

n Quaker  Oats  Chemicals,  Inc.,  Research 
Laboratory,  unpublished  data. 

A D.R.  Stull,  )nd,  & Eng.  Chem.,  39^  51 7, 
1947 

O G.S.  Parks,  private  communication 


0 

-17,78 

9,7380 

51 

10.56 

9.5182 

1 

-17.22 

9.7337 

52 

11.11 

9.5139 

2 

-16.67 

9.7294 

53 

11.67 

9.5096 

3 

-16.11 

9.7251 

54 

12.22 

9.5053 

4 

-15,56 

9.7208 

55 

12.78 

9.5010 

5 

-15 

9.7165 

56 

13.33 

9.4967 

6 

-14.44 

9,7122 

57 

13.89 

9.4924 

7 

-13.89 

9.7079 

58 

14.44 

9.4881 

8 

-13,33 

9.7036 

59 

15 

9.4838 

9 

-12.78 

9.6992 

60 

15.56 

9.4795 

10 

-12.22 

9.6949 

61 

16.11 

9.4752 

11 

-11.67 

9.6906 

62 

16.67 

9.4708 

12 

-11.11 

9.6863 

63 

17.22 

9.4665 

13 

-10.56 

9.6820 

64 

17.78 

9.4622 

14 

-10 

9.6777 

65 

18.33 

9,4579 

15 

- 9.44 

9.6734 

66 

18.89 

9.4536 

16 

- 8.89 

9.6691 

67 

19,44 

9.4493 

17 

- 8.33 

9.6648 

68 

20 

9.4450 

18 

- 7.78 

9.6605 

69 

20.56 

9.4407 

19 

- 7.22 

9.6562 

70 

21.11 

9.4364 

20 

- 6.67 

9.6518 

71 

21.67 

9.4321 

21 

- 6.11 

9.6475 

72 

22.22 

9.4278 

22 

- 5.56 

9.6432 

73 

22.78 

9.4234 

23 

- 5 

9.6389 

74 

23.33 

9.4191 

24 

- 4,44 

9.6346 

75 

23.89 

9.4148 

25 

- 3.89 

9.6303  1 

76 

24.44 

9.4105 

26 

- 3.33 

9.6260 

77 

25 

9.4062 

27 

- 2.78 

9.6217 

78 

25.56 

9.4019 

28 

- 2.22 

9.6174 

79 

26.11 

9.3976 

29 

- 1.67 

9.6131 

80 

26.67 

9.3933 

30 

- 1.11 

9.6087 

81 

27.22 

9,3890 

31 

- 0.56 

9.6044 

82 

27.78 

9.3847 

32 

0 

9.6001 

83 

28.33 

9,3803 

33 

0.56 

9,5958 

84 

28.89 

9.3760 

34 

1.11 

9.5915 

85 

29.44 

9.3717 

35 

1.67 

9.5872 

86 

30 

9.3674 

36 

2.22 

9.5829 

87 

30.56 

9.3631 

37 

2.78 

9.5786 

88 

31.11 

9.3588 

38 

3.33 

9.5743 

89 

31.67 

9.3545 

39 

3.89 

9.5700 

90 

32.22 

9.3502 

40 

4.44 

9.5657 

91 

32.78 

9.3459 

41 

5 

9.5613 

92 

33.33 

9.3416 

42 

5.56 

9.5570 

93 

33.89 

9.3373 

43 

6.11 

9.5527 

94 

34.44 

9.3329 

44 

6.67 

9.5484 

95 

35 

9.3286 

45 

7.22 

9.5441 

96 

35.56 

9.3243 

46 

7.78 

9.5398 

97 

36.11 

9.3200 

47 

8.33 

9.5355 

98 

36.67 

9.3157 

48 

8.89 

9.5312 

99 

37.22 

9.3114 

49 

9.44 

9.5269 

100 

37.78 

9.3071 

50 

10 

9.5226 

Density,  g/cm' 


Table  6.155:  Density  of  Furfuryl  Alcohol-Water 
Solutions  as  a Function  of 
Composition  (at  25°C,  77®F)  (46) 


Table  6.156:  Vapor  Pressure  of  Furfuryl  Alcohol  as  a Function 
of  Temperature  (46) 


□ Quaker  Oats  Chemicals,  Inc.,  Research  Labora 
tory,  unpublished  data. 

^ D.R.  Stull,  /nd.  & Eng.  Chem.,  39  51  7,  1947, 
O G.S.  Parks,  private  communication. 


Furfuryl  Alcohol,  wt% 


■ r^lijli vi-  -iiftirt  iltr I itir'iririitlMitt^t^ 


TEMPERATURE 
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Table  6.157:  Solubility  of  Liquid  Organic  Com-  Table  6.158:  Solubility  of  Solid  Organic  Com- 
pounds In  Furfuryl  Alcohol  pounds  In  Furfuryl  Alcohol 

(at  25“C,  77"F)  (46)  (at  25*C,  77"F)  (46) 


Compound 

5 cc/5  cc 
Furfuryl 
Alcohol 

5 cc/10  cc 

Furfuryl 

Alcohol 

Compound 

1 g/5  cc 
Furfuryl 
Alcohol 

1 g/10  cc 

Furfuryl 

Alcohol 

Acid,  dichloroacetic.  C.P. 

R 

Acid,  acetylsalicylic,  U.S.P. 

S 

Acid,  lactic.  U.S.P. 

S 

Acid,  anthranilic 

S 

Acid,  valeric 

S 

Acid,  benzoic.  U.S.P. 

s 

Alcohol,  amyl 

S 

Acid,  citric,  U.S.P. 

SS 

S 

Alcohol,  benzyl,  tech. 

S 

Acid,  monochloroacetic 

s 

Alcohol,  ethyl 

S 

Acid,  naphthionic,  tech. 

1 

l(R  atllSX) 

Alcohol,  isoamyl.  tech. 

S 

Acid,  oxalic,  tech. 

1 

R 

Alcohol,  isobutyl,  C.P. 

S 

Acid,  stearic 

SS 

SS  (S  at  95°C) 

Alcohol,  isopropyl,  tech. 

S 

Acid,  sulfanilic 

1 

l(Ratl15^C) 

Alcohol,  propyl 

s 

Acid,  tannic 

SS 

SS  (SS  at  125X) 

Aniline 

s 

Acid,  tartaric,  U.S.P. 

1 

1 (SS  at  125X) 

1,2-Butanediol 

s 

Acid,  trichloroacetic 

R 

Chloroform,  U.S.P. 

s 

Anthracene,  tech. 

1 

SS  (Sat110°C) 

Crotonaldehyde,  tech. 

s 

Anthraquinone 

1 

1 (Sail  SOX) 

O’Dichlorobenzene 

s 

Benzidine 

SS 

S-R 

Dichloroethyl  ether,  tech. 

s 

3-Bromo-d-camphor 

s 

Diethylaniline.  tech. 

s^ 

Carbazole 

1 

l(S  at120X) 

Diethyl  carbonate 

s 

Casein 

1 

1(1  at125X) 

Diethylene  glycol 

s 

Chloral  hydrate.  U.S.P. 

s 

Diethylene  glycol  dioleate 

s 

o-Chloronitrobenzene,  tech. 

s 

Diethylene  glycol  monobutyl  ether,  tech. 

s 

Dextrose 

1 

l(SSat125X) 

Diethyl  phthalate,  C.P. 

s 

Oianisidine,  tech. 

s 

Diethyl  sulfate,  tech. 

R 

p-Dichlorobenzene 

s 

N,N-Dimethylaniline.  tech. 

s 

Dig'vcol  stearate 

SS 

l(SatlOOX) 

Dimethyl  sulfate 

R 

N,N-Dimethyl-para*nitrosoaniline 

s 

Ether,  ethyl 

S 

Dinitrochlorobenzene,  tech. 

s 

Ether,  isopropyl 

S 

Dinitronaphthalene 

1 

l(Sat120X) 

Ethyl  acetate,  tech. 

S 

Oinitrophenol 

s 

Ethyl  acetoacetate 

s 

Diphenyl 

s 

N-Ethyl-N-benzylanlline 

SS 

S 

Oiphenylamine 

s 

Ethyl  bromide 

s 

Diphenylguanidine 

s 

Ethylchlorocarbonate 

R 

Hexamethylenetetramine,  U.S.P. 

s 

Ethylene  chlorohydrin 

SS 

SS 

Iodoform.  U.S.P. 

1 

l(Sat92X) 

Ethylene  dichloride 

s 

Naphthalene 

1 

l(Sat92X) 

Ethylene  glycol  monobutyl  ether,  tech. 

s 

alpha-Naphthol.  tech. 

s 

Glycerol,  U.S.P. 

s 

beta-Naphthol,  tech. 

s 

Methyl  acetate,  tech. 

s 

beta-Naphthylamine,  tech. 

1 

1 (S  at  92X) 

Methyl  ethyl  ketone 

s 

alpha-Naphthylamine  hydrochloride  R (violent  reaction) 

Nitrobenzene 

s 

m-Nitroanilin^ 

s 

o-Nitrotoluene,  tech. 

s 

p-Nitroaniline 

s 

Oil,  lard 

I 

1 (S  at  125X) 

p-Nitrophenol,  tech. 

s 

Oil,  linseed 

SS 

SS  (S  at  120X) 

p-Nitrotoluene 

s 

Oil,  neatsfoot 

I 

l(S  at120X) 

m-Phenylenediarnine 

s 

Od,  peanut 

I 

1 (S  at  125X) 

Resorcinol,  white,  U.S.P. 

s 

Oil,  rapeseed 

I 

1 {S  at  I20"C) 

Saccharin,  U.S.P. 

1 

1 (SS  at  125X) 

Oil,  Turkey  red 

s 

Sodium  acetate 

1 

l(Sat115X) 

Oil.  whale 

I 

1 (Sat  125^0 

Sodium  benzoate.  U.S.P. 

1 

1 (lat125X) 

Paraldehyde,  U.S.P. 

s 

Sodium  naphthionate.  tech. 

1 

l(Rat112X) 

Pyridine,  tech. 

s 

Sodium  picramate,  tech. 

1 

1,1,2,2-Tetrachloroethane,  tech. 

s 

Thiocarbaniiide 

1 

l(Sat92‘C) 

o-Toluidine,  tech. 

s 

2.4,6-Tribromophenol.  tech. 

s 

Xylene 

s 

Triphenylguanidine.  tech. 

s 

S = Soluble  SS  = Slightly  soluble  I = Insoluble  R = Reacts' 

‘Reactions  of  furfuryl  alcohol  in  the  presence  of  acid  or  acid  generators  may  bo  violont;  use  caution. 


344  Industrial  Solvents  Handbook 


Table  6.159:  Solubility  of  Thermoplastic  Resins  Table  6.160:  Effect  of  Time  at  Elevated  Temper- 

In  Furfuryl  Alcohol  (at  Room  ature  on  Certain  Characteristics  of 

Temperature)  (46)  Furfuryl  Alcohol  (Under  Neutral 

Conditions)  (46) 


Resin  Type 

Tradename  (Manufacturer) 

Solubility 

Cellulose  acetate 
butyrate 

CAB'500-1  (Tennessee  Eastman) 

VS 

Cellulose  nitrate 

RS  (Hercules) 

vs 

Ethylcellulose 

N-50  (Hercules) 

vs 

Methyl 

methacrylate 

Plexiglass*  V(052)100 
(Rohm  & Haas) 

s* 

Methyl 

methacrylate 

Plexiglass’  VM100  (Rohm  & Haas) 

s* 

Nylon 

Elvamide*  8023  (DuPont) 

vs 

Nylon 

Elvamide-  8061  (DuPont) 

s* 

Nylon 

Elvamide*  8061 M (DuPont) 

vs- 

Nylon 

Elvamide-  8064  (DuPont) 

s- 

Nylon 

Elvamide*  80625  (DuPont) 

s 

Nylon 

Elvamide’  PB8066  (DuPont)  1 

s 

Nylon 

Rilsan*  BMNO  (Rilsan  Corp.) 

1 

Polyethylene 

Dowtex’  2045  (Dow  Chemical)  ^ 

1 

Polyethylene 

Dowlex®  2598TB  (Dow  Chemical) 

1 

Vinyl  acetate 

Bakelite®  AYAT  (Union  Carbide) 

vs 

Vinyl  acetate- 
chloride 

Bakelite®  VYHH  (Union  Carbide) 

1 

Vinyl  butyral 

Bakelite*  XYHL  (Union  Carbide) 

vs 

Vinylidene  chloride 

Saran  F-310  (Dow  Chemical) 

1 

S = Soluble  from  1 g to  10  g per  100  g solvent 
VS  = Soluble  10  g or  more  per  100  g solvent 
I = Less  than  1 g per  100  g solvent 
• = Slowly 


Rate  of  Water  Formation 


0 4 8 12  16  20  24  28  32 

Hours  of  Heating 


Rate  of  Change  of  Specific  Gravity 


0 4 8 12  16  20  24  28  32 

Hours  of  Heating 


Rate  of  Change  of  Retractive  index 


0 4 8 12  16  20  24  28  32 

Hours  of  Heating 

Legend: 

X — AMOOX 
O — AtlSO’C 
A — At  200X 

A.P.  Dunlop  and  F.N  Peters,  Jr.,  Ind.  & Eng.  Chem., 
34.  814  (1942). 
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Table  6.161:  Stabilization  of  Furfuryl  Alcohol  With  an  Amine  (at  150X  In  Glass)  (46) 


Stabilization  of  Furfuryl  Alcohol  with  an  Amine  (at  150*'C  in  glass) 


Stabilizer 

Time, 

Refractive 

Density, 

Cloud 

Water, 

Hours 

index,  n 20/D 

d 25/25 

Point,  °C 

% 

None 

0.0 

1.4870 

1.1322 

5.5 

0.03 

1.5 

1,4875 

1.1333 

13.5 

0.18 

5.5 

1.4890 

1.1356 

36.0 

0.67 

10.5 

1.4944 

1.1428 

insot.  @ lOO^’C 

3.05 

n-butyl  amine,  0.3% 

0.0 

1.4868 

1.1308 

8.5 

■■ 

1.5 

1.4870 

1.1309 

8.5 

mgm 

5.5 

1.4869 

1.1310 

8.5 

10.5 

1.4871 

1.1311 

9.0 

■bh 

A.P.  Dunlop  and  F.N.  Peters,  Jr.,  Ind.  Eng.  Chem.,  34,  814  (1942). 


Table  6.162:  Antoxidatlon  of  Furfuryl  Alcohol  (46) 


Oxygen  Absorption,  Moles  Oj/Liter  Furfuryl  Alcohol  (Under  Accelerated  Laboratory  Conditions) 


Time, 

Furfuryl  Alcohol 

Furfuryl  Alcohol  plus 

Furfuiyl  Alcohol  plus  0.5% 

Furfuryl  Alcohol  plus 

Hours 

0.5%  H2O 

Tripropylamine 

0.5%Hydroquinone 

42 

0.075 

0.139 

— 

— 

74 

0.250 

0.377 

— 

— 

127 

0.636 

0.672 

— 

— 

162 

0.840 

0.852 

— 

— 

215 

0.972 

— 

— 

264 

1.084 

— 

— 

0.074 

330 

1.229 

— 

0.019 

0.117 

Acidity,  equiv/liter  Furfuryl  Alcohol 

0 (initial) 

0.004 

0.004 

0.012 

0.005 

330  (final) 

0.365 

0.395 

0.003 

0.041 
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TETRAHYDROFURFURYL  ALCOHOL  (46) 


Table  6.163:  Physical  Properties  of  Tetrahydrofurfuryl  Alcohol  (46) 


Physical  Properties  of  THFA®  | 

Molecular  weight 

102.13 

Specific  heat,  liquid  at  20**C,  cal/g°C 

0.424 

Appearance 

colorless 

liquid 

Heat  of  vaporization,  cal/g 

120.6 

Heat  of  combustion,  Kcai/moi 

709.5 

Boiling  point  at  760  mm,  °C 

178 

at  constant  pressure 

Vapor  pressure 

see  pg.  6 

Flash  point  (Tag  closed-cup). 

“C 

74 

Freezing  point,  ’’C 

below  -80 

«F 

165 

Specific  gravity  at  20/20^ 

1.054 

Auto-ignition  temperature,  °C 

282 

Pounds  per  gal.  at  2CPC 

8.79 

Flammability  limits  in  air 

lower,  vol  % 

1.5 

Refractive  index  n" 

1.452 

upper,  vol  % 

9.7 

Surface  tension  at  25<*C,  dynes/cm 

37 

Dielectric  constant  at  23"C 

13.6 

Viscosity  at  20^0,  cps 
absolute 

6.24 

Solubility  parameter  (est.) 

12-13 

Relative  evaporation  rate 

(n-butyl  acetate=1.00) 

.03 

QO^THFA®  Specifications 


THFA*,  Assay,  wt.  % min. 

98.0 

Furfuryl  alcohol,  wt.  % max. 

0.1 

1,2-Pentanediol,  wt.  % max. 

1.6 

Moisture,  wt.%  max. 

0.3 

Color,  APHA,  max. 

50 

Inhibitor 
Polygard,  wt.  % 

Sodium  borohydride,  wt.  % 

0.025 

0.005 

Table  6.164:  Solubility  of  Various  Substances  in  Tetrahydrofurfuryl  Alcohol  (46) 


20  wt.%  l0wL% 

solute  solute 

Acids: 

Acetylsalicylic 

S 

Anthranilic 

S 

Benzoic 

S 

Butyric 

S 

CHric 

SS s 

Cresylic 

S 

Lactic 

SS  (SaM2C*) 

Naphthionic 

SS s 

Oxalic 

SS s 

Stearic 

1 . ItSalKKrl 

Sulfanilic 

1 Iflinacn 

Tannic 

1 IrssaiiMn 

Tartaric 

SS 

Trichloroacetic 

S 

Valeric 

S 

Alcohols: 

Benzyl  alcohol 

S 

Chloral  hydrate 

s 

Oinitrophenol 

s 

Ethanol 

s 

Ethylene  glycol 

s 

Glycerol 

s 

Isobutanol 

s 

Isopropanol 

s 

a-Naphthol 

s 

^Naphthol 

s 

Pentanol 

s 

Propanol 

s 

' Aldehydes; 

Benzaidehyde 

s 

Crotonaldehyde 

s 

Paraldehyde 

s 

Amines: 

Aniline 

s 

Benzidine 

s 

Dianisidine 

SS s 

Diethyl  aniline 

s 

Dimethyl  aniline 

s 

DIphenylamine 

s 

Hexamethylenetetramine 

1 l(S8al13(m 

p-Naphthylamlne 

SS s 

ffvPhenylenediamine 

s 

Pyridine 

s 

o-Toluidine 

s 

Triphenylguanidine 

SS s 

Xylidine 

s 

1 Aromatics: 

Anthracene 

1 hsaiioon 

Benzene 

S 

Dinitronaphthalene 

1 __  hsrtiacn 

Diphenyl 

SS_ S 

Naphthalene 

S 

1 p-NItrophenol 

S 

o-NItrotoluene 

S 

p-Nitrotoluene 

1 S 

Xylol 

S 

20wt%  iOvrt.%" 
solute  solute 


Esters: 

Amyl  acetate 

S 

Butyl  acetate 

S 

Cellulose  acetate 

S 

Diethyl  acetate 

S 

Diethyl  phthalata 

S 

1 

Ethyl  acetate 

S 

• 

Ethyl  acetoacetate 

S 

j 

Methyl  acetate 

S 

i 

Ethers:  1 

Dichloroethyt 

S 

1 

Diethlyiene  glycol  monobutyl 

S 

Diethiyene  glycol  monoethy! 

S 

Ethyl 

S 

Ethylene  glycol  monobutyl 

S 

Ethylene  glycol  monoethyl 

S 

i 

Halides: 

Benzyl  chloride 

s 

1 

Bromobenzene 

s 

Bromoform 

s 

Chloroform 

s 

o-D!chlorobenzene 

s 

p-Dlchtorobenzene 

SS 

_s 

Dinitrochlorobenzene 

SS 

_S 

Ethyl  bromide 

s 

Ethylene  chloride 

s 

Iodoform 

s 

o-Nltrochiorobenzene 

SS 

_s 

Tetrachloroethane 

s 

i 

Ketones:  i 

Acetone 

s 

1 

Anthraquinone 

1 

Methyl  ethyl  ketone 

s 

IfiMiatn  I 

one: 

Aniline 

s 

Castor 

1 

Chinawood 

1 

Coconut 

I 

Cottonseed 

1 

Lard 

l(Sal12(P) 

Linseed 

1 (8  It  lain 

Menhaden 

I(8al12in 

1 

Neat’ s-foot 

loanam 

1 

Peanut 

l(8«na(n 

1 

Rape-seed 

1 (8  It  lain 

Sperm 

1 (Satiam 

Turkey  Red 

S 

Whale 

I(8«ii2in 

Miscellaneous  Compounds: 

Caffeine 

1 

1 Camphor,  monobromo 

1 

Casein 

1 

Chloramine 

1 

l(ss«iia(r) 

Dextrose 

1 

(SMiom 

Sodium  acetate 

SS  

_S 

Sodium  benzoate 

1 

S$(8Salt39n 

Kay;  S»Soiubie 

SSsSllghtly  Soluble 

blnsoluble 

temps  Fahrenheit 

Table  6.165:  Vapor-LIquId  Equilibria  in  the  Tetrahydrofurfuryl 
Alcohol-Water  System  (46) 


Liquid  Phase 

Vapor  Phase 

Boiiing  Point 

Hole  Fraction  1 

Mole  Fraction  1 

Temperature 

Pressure 

Weipht  % THPA 

Wrter 

WMght  % 

THFA 

Water 

mm  HG 

1.0 

0.0016 

0.9982 

— 

— 

— 

100.0 

749.5 

2.6 

0.0046 

0.9952 

1.0 

0.0018 

0.9982 

100.4 

749  5 

5.7 

0.0106 

0.9694 

2.0 

0.0036 

0.9964 

100.5 

747.8 

6.1 

0.0113 

0.9687 

2.3 

0.0041 

0.9959 

1006 

747  8 

9.7 

0.0166 

0.9814 

3.4 

00062 

0.9938 

100.6 

749.5 

13.5 

0.0267 

0.9733 

4.3 

0.0079 

0.9921 

101.0 

749.2 

17.2 

0.0354 

0.9646 

4.9 

0.0090 

0 9910 

101.0 

747.8 

20.3 

0.0430 

0.9570 

5.7 

00106 

0.9894 

101.0 

749.0 

24.6 

0.0544 

0.9456 

6.2 

0.0115 

0.9885 

101.0 

747.8 

30.2 

0.0709 

0.9291 

7.2 

0.0135 

0.9865 

1020 

749  5 

30.6 

0.0728 

0.9272 

7.3 

0 0137 

0.9863 

101.0 

749.0 

36.9 

0.0936 

0.9064 

8.0 

0.0151 

0.9849 

101.0 

748  9 

44.6 

0.125 

0.875 

9.6 

0.0185 

0.9815 

102.0 

752  5 

44.9 

0.126 

0.874 

9.7 

0.0186 

0.9814 

102.0 

753  7 

49.3 

0.146 

0.854 

10.5 

0.0202 

0.9798 

102  1 

755  9 

53.4 

0.168 

0.832 

11.3 

0.0220 

09780 

102  5 

754.1 

56.9 

0.202 

0.798 

11.8 

0.0231 

0.9769 

1030 

754  6 

63.6 

0.234 

0.766 

13.3 

0.0262 

0.9738 

103.0 

754.9 

70.4 

0.296 

0.704 

14.5 

0.0290 

09710 

104.0 

755  2 

77.3 

0.375 

0.625 

18.5 

0.0384 

0.9816 

105.5 

755.2 

79.3 

0.403 

0.597 

18.5 

0.0384 

0.9616 

106  0 

747  8 

B1.1 

0.431 

0.569 

18.9 

0.0394 

0.9606 

106.0 

748  4 

62.3 

0.451 

0.549 

20.4 

0.0432 

0.9568 

107.0 

741  1 

84.9 

0.496 

0.504 

20.3 

0.0430 

0.9570 

107.0 

748  4 

86.1 

0.522 

0.478 

24.7 

0.0547 

0.9453 

108.0 

745. 9 

67.1 

0.546 

0.454 

27.4 

0.0625 

0.9375 

107.0 

741  9 

92.6 

0.688 

0.312 

40.1 

0.106 

0.894 

119.0 

745  6 

95.4 

0.785 

0.215 

65.3 

0.249 

0.751 

139.5 

745  8 

96.0 

0.896 

0.101 

B7.5 

0.553 

0.447 

148.0 

750.9 

Table  6.166:  Specific  Gravity  and  Pounds  per  Gallon  of  Tetra- 
hydrofurfuryl Alcohol  at  Various  Temperatures  (46) 

Specific  Density 

Gravity  Ob/gal) 


*« 

f 

50 

122.0 

14)26 

46 

116.4 

14)26 

44 

1)4.6 

1.030 

44 

111.2 

1.032 

42 

107.6 

1.034 

40 

104.0 

1.035 

36 

100.4 

1.037 

36 

96.6 

14)39 

34 

93.2 

1.041 

32 

69.6 

1.043 

30 

66.0 

1.044 

26 

82.4 

14)46 

26 

76.6 

1.046 

24 

75.2 

1.049 

22 

71.6 

1.052 

20 

68.0 

1.053 

)6 

64.4 

1.055 

16 

60.6 

1.057 

14 

57.2 

14)59 

)2 

53.6 

1.061 

10 

50.0 

1.062 

6 

46.4 

1.064 

6 

42.6 

1.066 

4 

39.2 

1.066 

3 

35.6 

1.070 

0 

32.0 

1.071 

8^10 

8.636 

8.641 

8.656 

8.67) 

8.686 

tJOl 

8.716 

8.73) 

8J^46 

8.806 
8.831 
8.836 
8.85) 
8.866 
8.881 
8.896 
8.9)  ) 
8.936 
8.931 


Oiong«  per  *C  j Sp.  Cr.  —0.0009 
Lbi./Col.  -0.00751 


Pressure  (mmHg) 


Monohydric  Alcohols  347 


MOU  raACnON  op  h>o  m vapop 


Table  6.168:  Vapor-Liquid  Equilibria  Curve  of  the  THFA-Water 
System  at  the  Boiling  Point  (46) 


0 .1  ^ J ^ ^ ^ ^ ^ 1 

MOLE  FRACTION  OF  H|0  IN  LIQUID 


REFRACTIVE  INDEX 


Table  6.169:  The  System  THFA-Water  Composition  Curve  (46) 


PER  CENT  THFA 
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Table  6.170:  Specific  Gravity  and  Pounds  per  Gallon  (46) 


Temperature 

oc  op 

Sp.  Gr.* 

Lbs./Gal. 

50  122.0 

1.031 

8.588 

40  104.0 

1.039 

8.656 

30  86.0 

1.047 

8.724 

20  68.0 

1.055 

8.792 

10  50.0 

1.064 

8.859 

0 32.0 

1,072 

8.927 

Change  per  «C;  Sp,  Gr.— 0.000815 
’Referred  to  water  at  20°C 

Lbs./Gal.— 0.00679 

Table  6.171:  Vapor  Pressure  (Boiling  Point  Method)  (46) 


Pressure  (mm) 

«c 

“K 

1/°K 

2.3 

41.6 

314.6 

0.00318 

5.2 

53.6 

326.6 

0.00306 

45.5 

96.5 

369.5 

0.00271 

73.3 

108.5 

381.5 

0.00262 

83.3 

111.3 

384.3 

. 0.00260 

120.0 

120.5 

393.5 

0.00254 

196.0 

137.5 

410.5 

0.00244 

303.0 

146.0 

419.0 

0.00239 

400.0 

155.0 

428.0 

0.00234 

495.9 

162.5 

435.5 

0.00230 

598.0 

168.2 

441.2 

0.00227 

747.0 

177.8 

450.8 

0.00222 

Table  6.172:  HERCO  and  YARMOR  Pine  Oil  (28) 

HERCO®PINE  OIL 

A High-Quality,  General-Purpose-Grade  Pine  Oil 
HERCO*  pine  oil"  is  a clear,  pale  yellow  to  near-water-white,  oily  liquid  with  a distinct  pineiike 
odor.  Derived  from  terpene  oils  of  pinewood  origin,  it  is  a blend  of  related  compounds,  largely 
terpene  alcohols.  Herco  pine  oil  meets  requirements  of  Federal  Specification  LLL-P-400a  for  Type  1 
pine  oil.  It  is  especially  indicated  for  manufacture  of  high-performance  cleaners  and  disinfectants,  and 
for  all  other  uses  where  a pine  oil  of  uniform,  high-terpene-alcohol  content  is  required. 

(a)  Herco  pine  oil  is  registered  with  the  Office  of  Pesticide  Program  of  the  U.S.  Environmental  Protection  Agency  under 
EPA  Registration  Number  891-175. 


General  Sales  Specifications 

Hemika  Tcu  Method*  *ie  •nilable  <n 

Specific  gravity  at  15.6/15.6“C 

0.930-0.938 

Total  terpene  alcohols,  % min 

80 

Moisture,  % max 

0.5 

Color,  APHA,  max 

70 

Typical  Properties 

Specific  gravity  at  15.6/15.6’C 

0.933 

Total  terpene  alcohols,  % 

85 

Moisture,  % 

0.4 

Distillation  range,  *C,  (5%  to  95%) 

206  - 220 

Refractive  index  at  20*C 

1.481 

Color,  APHA 

25 

Kauri-butanol  value 

>500 

Flashpoint,  TCC  *F  (*C) 

150(66) 

Density  at  60’F  (15.6‘C),  Ibs/gal  (kg,l) 

7.78  (.93) 

Freezing  point,  “F  fC) 

39(4) 

Outstanding  Characteristics 

Clear,  pale  color;  high  terpene  alcohol  content;  piney  odor;  high  solvent  activity;  excellent  wetting, 
penetrating,  and  dispersing  properties,  high  bactericidal  activity  when  properly  formulated;  uniform 
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Table  6.172:  (continued) 


YARMOR®  F PINE  OIL 

Flotation-Grade  Pine  Oil 

YARMOR®  F pine  oil  is  a frothing  agent  designed  for  flotation  processes,  particularly  for  benefication 
of  metallic  sulfide  ores.  Derived  chiefly  from  oils  extracted  from  pinewood,  it  is  a mixture  of 
terpenes,  predominantly  alcohols  with  lesser  amounts  of  related  terpenes. 

Yarmor  F produces  a strong  froth  of  good  volume,  satisfactory  texture,  and  excellent  cell  life 
stability.  Although  normally  used  as  a frother,  it  is  also  an  effective  collector  for  certain  minerals. 


General  Sales  Specifications 

Hwoik*  Method*  m raUabb  (» 

Specific  gravity  at  1 5. 6/ 15.6  *C  0.930-0.950 

Total  alcohols,  % min  70 

Moisture,  % max  1.8 

Typical  Properties 

Specific  gravity  at  15.6/15.6  ‘C  0.938 

Total  alcohols,  % 75 

Moisture,  % l.l 

Refractive  index  at  20  ’C  1 .484 

Color,  Gardner  3 

Distillation  range,  *C 

5%  205 

95%  227 

Flashpoint,  COC,  *FCC)  169(76) 

Weight/gal,  lbs  (kg/1),  60  T (15.6  “C)  7.8(.94) 

Viscosity,  Ubbelohde,  at  77  *F  (25  *C),  cps  10 

Freezing  point,"  T CC)  32(0) 


(a) Yarmor  F will  mipecool  and  can  be  handled  aatiiractorily  at  lower  temperature* 


Outstanding  Characteristics 

Strong  froth;  excellent  cell  life  stability;  excellent  wetting  properties;  low  freezing  point;  low  volatility 

YARMOR®  60  PINE  OIL 

Terpene  Alcohol 

YARMOR®  60  pine  oil"  is  a clear,  pale  yellow  to  near  water-white  oily  liquid  with  a distinct 
pinelike  odor.  Derived  from  terpene  oils  of  pinewood  origin,  it  is  a blend  of  related  compounds, 
principally  terpene  alcohols.  It  is  intended  for  manufacture  of  cleaners  and  disinfectants,  and  for  other 
uses  where  a good-quality  pine  oil  is  required. 

(a)Yarmor  60  pine  oil  U regiitered  with  the  Office  of  Pesticide  Program*  of  the  U.  S.  Environmental  Protection  Agency  under  EPA 
Registration  Number  891-181 . 


General  Sales  Specifications 

tbmika  Tw  IM«hodt  iM  tvtibbb  oa  MqiM 

Specific  gravity  at  15.6/15.6  *C 

0.909-0.919 

Total  terpene  alcohols,  % min 

60 

Moisture,  % max 

0.5 

Color  APHA,  max 

70 

Typical  Properties 

Total  terpene  alcohols,  % 

62.7 

Moisture,  % 

0.3 

Distillation  range,  *C 
5% 

196.6 

95% 

224.9 

Color,  Hazen 

20 

Color,  (Hercules  terpene) 

0.2 

Kauri-butanol  value 

500 

Flashpoint,  TOC,  *C  CF) 

60(140) 

Weight,  Ibs/gal  (kg/1),  60  T,  (15.6  ‘C) 

7.75(.9l) 

Specific  gravity  at  15.6/15.6  'C 

0.91 

Outstanding  Characteristics 

Clear,  pale  color;  high  terpene  alcohol  content;  piney  odor;  high  solvent  activity;  excellent  wetting, 
penetrating,  and  dispersing  properties 


(continued) 
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Table  6.172:  (continued) 

YARMOR®  302  PINE  OIL 

Highest  Quality,  All  Purpose-Grade  Pine  Oil 
YARMOR®  302  pine  oil**'  is  a clear,  pale  yellow  to  near-water-white,  oily  liquid  with  a distinct 
pinelike  odor.  Derived  from  terpene  oils  of  pinewood  origin,  it  is  a blend  of  related  compounds, 
mainly  terpene  alcohols.  Yarmor  302  meets  requirements  of  Federal  Specification  LLL-P-400a  for 
Type  1 pine  oil. 

(a) Yarmor  302  pine  oil  ia  regiitered  with  the  Office  of  Pesticide  Programs  of  the  U.S.  Environmental  Protection  Agency  under  EPA 
Registration  Number  891-174 

General  Sales  SpeciHcations 

HetcMb*  Tcrt  MMb]^  avsiUib  OB  iw|Wt 

Specific  gravity  at  15.6/15.6  “C 
Total  terpene  alcohols,  % min 
Moisture,  % max 
Color,  APHA,  max 

Typical  Properties 
Specific  gravity  at  15.6/15.6 'C 
Secondary  alcohols,  % 

Tertiary  alcohols,  % 

Total  terpene  alcohols,  % 

Moisture,  % 

Refractive  index  at  20  °C 
Color,  APHA 
Kauri-butanol  value 
Flashpoint,  TCC,  T CQ 
Freezing  Point,  T CC) 

Weight/gal,  lbs  (kg/1),  60"F  (15 

Outstanding  Characteristics 

Clear,  pale  color;  high  terpene  alcohol  content;  piney  odor;  high  solvent  activity;  excellent  wetting, 
penetrating,  and  dispersing  properties;  high  bactericidal  activity  when  properly  formulated. 

YARMOR®  302W  PINE  OIL 

A General-Purpose-Grade  Pine  Oil 

YARMOR®  302 W pine  oil**'  is  a clear,  pale  yellow  to  near-white-water,  oily  liquid  with  a distinct 
pinelike  odor.  Derived  from  terpene  oils  of  pinewood  origin,  it  is  a blend  of  related  compounds, 
predominantly  terpene  alcohols  with  minor  amounts  of  terpene  hydrocarbons.  It  is  suitable  for  all  uses 
where  a general-purpose  grade  of  pine  oil  is  required. 

(a) Yarmor  302W  pine  oil  ia  regiatered  with  the  Office  of  Peaticide  Programa  of  the  U.S.  EnvironmenUl  Protection  Agency  under  EPA 
Registration  Number  891-176 

General  Sales  Specifications 

IfafcuksTMt  MMkoib  ira  MlUbte  cn  wtfMM 

Specific  gravity  at  15.6/15.6  ’C 
Total  alcohols,  % min 
Moisture,  % max 
Color,  APHA,  max 


Typical  Properties 

Specific  gravity  at  15,6/15.6  *C 

0.923 

Secondary  alcohols,  % 

8 

Tertiary  alcohols,  % 

65 

Total  terpene  alcohols,  % 

73 

Monocyclic  terpenes,  % 

27 

Moisture,  % 

0.35 

Refractive  index  at  20  'C 

1.480 

Color,  APHA 

25 

Kauri-butanol  value 

>500 

Flashpoint,  TCC,  ‘FCC) 

130(54) 

Weight/gal,  lbs  (kg/1),  60  *F  (15.6  *C) 

7.67(.92) 

0.920-0.930 

70 

0.5 

70 


0.938-0.946 

85 

0.5 

70 


0.941 

16 

76 

92 

0.35 

1.481 

25 

>500 

172(78) 

(5) 

.6*C)  7.85  (0.94) 


Outstanding  Characteristics 

Clear,  pale  color;  piney  odor;  high  solvent  activity;  excellent  wetting,  penetrating,  and  dispersing 
properties;  high  bactericidal  activity  when  properly  formulated;  uniform. 
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Table  6.173:  Hercules  TERPINEOL  (28)  ^ 

TERPINEOL  101 

Natural  Tertiary  Terpene  Alcohol 

TERPINEOL™  101  is  a natural,  high-purity  grade  of  the  tertiary  terpene  alcohol  a//?/ifl-terpineoI. 
Derived  by  fractional  distillation  of  oils  extracted  from  pinewood,  it  is  a water-white,  oily  liquid  at 
normal  temperatures  with  an  odor  suggestive  of  lilacs.  Its  chemical  nature,  pleasant  floral  odor,  and 
surface-active  properties  account  for  its  usefulness  to  the  essential-oil  industry  and  to  manufacturers  of 
disinfectants,  household  and  industrial  soaps,  detergents,  cleaners,  and  other  chemical  specialties. 


General  Sales  Specifications 

Hcrculci  Tcit  Methods  ate  ayaiUble  on  request 


Specific  gravity  at  15.6/15.6°C,  min 

0.935 

Tertiary  alcohols,  min,  % 

94 

Moisture,  max,  % 

0.6 

Color,  Hazen  (APHA),  max 

70 

Appearance 

effm'*^ 

(a)  Esscsenlially  Free  of  Foreign  Matter 

Typical  Properties 

Specific  gravity  at  15.6/15.6“C 

0.9410 

Tertiary  alcohols,  % 

96 

Moisture,  % 

0.2 

Distillation  range,  “C  (T) 

5% 

219(426) 

95% 

220  (428) 

Color,  Hazen  (APHA) 

20 

Flashpoint,  COC,"C  (“F) 

90(194) 

Freezing  point,  “C  (“F) 

<25  (<77) 

Weight/gal,  lbs  (kg/1) 

7.85  (0.94) 

Outstanding  Characteristics 

High  purity;  natural  origin;  light  color,  pleasant  floral  odor;  strong  masking  agent;  excellent  solvent; 
promotes  surface  activity;  antibacterial  activity  when  properly  formulated. 

TERPINEOL™  200 

Synthetic  Tertiary  Terpene  Alcohol 

TERPINEOL™  200  is  a high-purity  grade  of  the  tertiary  terpene  alcohol  a//?/ia-terpineol.  Derived 
synthetically  by  hydrating  a(p/ia-pinene,  it  is  a water-white,  oily  liquid  at  normal  temperatures.  Its 
chemical  nature,  pleasant  floral  odor,  and  surface-active  properties  account  for  its  usefulness  to  the 
essential-oil  industry  and  to  manufacturers  of  disinfectants,  household  and  industrial  soaps,  detergents, 
cleaners,  and  other  chemical  specialties. 


General  Sales  Specifications 

Hercuks  Test  Methods  are  available  on  request 

Specific  gravity  at  15.6/15.6*'C,  min 

0.935 

Tertiary  alcohols,  %,  min 

95 

a/pAfl/gamma-Terpineol,  %,  min 

93.5 

Moisture,  max,  % 

0.6 

Color,  Hazen  (APHA),  max 

70 

Typical  Properties 

Specific  gravity  at  15.6/15.6°C 

0.941 

Tertiary  alcohols,  % 

97 

Moisture,  % 

0.2 

alpha/gamma-T er^\neo\,  % 

96.2 

Distillation  range,  “C  (“F) 
5% 

217  (422) 

95% 

220  (428) 

Color,  Hazen  (APHA) 

20 

Flashpoint,  COC,  “C  (“F) 

88(190) 

Freezing  point,  "C  (T) 

<25  (<77) 

Weight/gal,  lbs  (kg/1) 

7.85  (0.94) 

Outstanding  Characteristics 

High  purity;  light  color;  pleasant  floral  odor;  strong  masking  agent;  excellent  solvent;  promotes  surface 
activity;  antibacterial  activity  when  properly  formulated. 
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Table  6.173:  (continued) 


TERPINEOL™  318  PRIME 

Mixed  Tertiary  Terpene  Alcohols 

TERPINEOL™  318  Prime  is  a mixture  of  isomeric  terpineols  obtained  by  dehydration  of  terpine 
hydrate.  It  is  composed  predominantly  of  alpha-icipincoly  with  lesser  amounts  of  beta  and 
gamma-terpineols.  At  normal  temperatures,  Terpineol  318  Prime  is  a water-white,  oily  liquid  with  a 
hyacinth-like  odor.  Terpineol  318  Prime  is  used  by  chemical  specialties  manufacturers  for  its  odor,  and 
by  the  essential-oils  industry  to  produce  perfume  ingredients,  particularly  for  soaps. 


General  Sales  Specifications 

Hemic*  Teit  Method*  ve  avuliUc  on  requcit 

Color,  Hazen  (APHA),  max  70 

Specific  gravity,  at  15.6/15.6’C,  min  0.935 

Moisture,  max  % 0.6 

beta/delta-Tcrp\neo\y  % 8 to  20 

alpha/gamma-TeTpinco\y  % 80  to  90 

Tertiary  alcohols,  min,  % 98 

Typical  Properties 

Color,  Hazen  (APHA)  30 

Specific  gravity  at  15.6/15.6‘C  0.938 

Moisture,  % 0.2 

Freezing  point,  ‘C  (’F)  <-10  (+14) 

Flashpoint,  COC,  'C  fF)  88  (190) 

Weight/gal,  lbs  (kg/1)  7.8  (0.94) 


Outstanding  Characteristics 

High  purity;  light  color;  pleasant  floral  odor;  excellent  solvent;  promotes  surface  activity;  resistant  to 
alkalies. 


OTHER  DATA 


Table  6.174:  Solubility  Data  for  Alcohols  (57) 


Cellulose  Cellulose 

Acetate  Acetate 

Butyrate  Propionate 


Bakelite*  Vinyl 
. . . Resins . . . . 


O 


Methanol 

Ethanol 

Isopropanol 

n-Propanol 

n>Butyl  alcohol 

Isobutanol 

Mixed  amyl  alcohols 

3-Methoxy  butanol 

Pentanol'3 

Methyl  amyl  alcohol 

2-Ethylbutanol 

n-Hexanol 

Heptanol-3 

2-Ethylhexanol 

Diisobutyl  carbinol 

Trimethyl  nonyl  alcohol 

Undecanol 

Tetradecanol 

Heptadecanol 

Trimethyl  cyclohexanol 


T etrahydropy  ran-2- 
methanol  I 

2-Mercaptoethanol  S 

Phenyl  methyl  carbinol  SW 

Diacetone  alcohol  S 


I SS 

1 S 

S**  S 
SW  S 
PS  S 


SS  S 


• o 

CO  L. 
t-  Q. 


> 

c 

o 


<0  Q- 


u 

V) 


O 


UJ  O 


V) 

_> 

O 

Q. 


I s s s 

s S S SS 

SW  s s s 

S S S ! 


(U 

i2 

>. 

v> 

c 

o 

.o 

b 

E 

'c 

Evap. 
Butyl 
= 100) 

s, 

n 

X 

LL 

u 

o 

■D 

at  ^ 

3 

o 

o 

<0 

CO  . 
^ & 

.li  " 

>o 

sz  x: 
u u 

I 

> 

< 

> 

X 

> 

■D 

> 

- 1 

C/I 

o 

(U 

aj 

> .o 

C 3 

« £ § 
OI  CO  u 

in  O 
C CM 
<U 

55 

> 

< 

X 

X 

GC 

1^ 

</} 

DOC 

QC  QC  < 

O (0 

1 

s 

s 

PS 

SS 

PS 

1 

s 

1 

610 

6.60 

1 

s 

s 

s 

SS 

s 

1 

s 

1 

340 

6.76 

1 

SS 

s** 

s 

SS 

s 

1 

s 

1 

300 

6.55 

1 

SS 

s** 

s 

s 

s 

1 

s 

1 

- 

— 

1 

SS 

s** 

s 

s 

s 

s 

s 

1 

45 

6.75 

1 

SS 

s** 

s 

s 

s 

PS 

s 

1 

80 

6.68 

1 

1 

s** 

s 

s 

s 

s 

s 

1 

— 

— 

1 

s 

s 

s 

s 

s 

s 

s 

1 

12 

7.68 

1 

SS 

s 

s 

s 

s 

s 

s 

I 

54 

6.84 

1 

SW 

s** 

s 

s 

s 

s 

SS 

1 

33 

6.72 

1 

SW 

s** 

s 

s 

s 

s 

s 

1 

8 

6.92 

1 

1 

s** 

s 

s 

s 

s 

s 

1 

5 

6,83 

1 

SW 

s** 

s 

s 

s 

s 

SS 

1 

6 

6.84 

1 

1 

s** 

s 

s 

s 

s 

s 

1 

<1 

6.94 

1 

1 

SW 

s 

s 

s 

s 

1 

1 

2 

6.75 

1 

! 

SW 

s 

s 

s 

s 

1 

1 

<1 

6.83 

1 

SW 

1 

G 

s 

s 

s 

s 

PS 

PS 

<1 

6.97 

1 

1 

s 

s 

s 

s 

1 

PS 

<1 

6,95 

1 

1 

1 

s 

s 

s 

s 

1 

PS 

<1 

7.05 

1 

1 

S-G 

s 

s 

s 

s 

1 

SW 

<1 

8.21* 

1 

s 

s 

s 

s 

s 

s 

s 

s 

1 

3 

- 

s 

SS 

1 

s 

s 

PSt 

Imm 

s 

s 

s 

1 

13 

9.30 

SS 

s 

s 

s 

s 

s 

s 

s 

1 

<1 

8.45 

s 

s 

s 

s 

s 

s 

s 

s 

PS 

1 

14 

7.82 

*UCC  trademark. 


**0,5  g resin  to  9.5  ml  solvent. 


***At  bbC. 


t Miscible  with  toluene  and  xylene,  immiscible  with  Apcothinner. 


Legend : 

S 

Soluble 

PS 

Partly  soluble 

SS 

Slightly  soluble 

S-G 

Soluble,  tendency  to  gel 

G Gel 

I insoluble 

SW  Swelling 
Imm  Immiscible 
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Table  6.175:  Melting  Points  of  Saturated  Monohydric  Alcohols  (69) 


Table  6.176:  Rate  of  Evaporation  of  Various  Table  6.177:  Comparative  Evaporation  Rates 

Solvents  at  Room  Temperature  (19)  of  Alcohols  (19) 


(Relative  Values  on  5 cc  Samples  at  2I®C.  and 
734.4  mm.  Hg) 


TIME,  MIN. 


Table  6.178:  Vapor  Pressure  of  Alcohols  at 
Various  Temperatures  (19) 


Table  6.179:  Freezing  Points  (Initial  Crystallization) 
of  Aqueous  Solution  of  Alcohols  (19) 


I 1 I I 
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Table  6.180:  Specific  Gravity  of  Aqueous  Solution  of  Alcohols  at  20°C  (19) 


Table  6.181:  Viscosity  of  Ethyl  Cellulose  in  Alcohol-Hydrocarbon  Mixtures  (14) 


0 
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Table  6.182:  Evaporation  Data  for  Various  Solvents  (14) 


Rata  of  Evaporation 

Activa  Solvents  (Normal  Butyl  Acetate— 1 .00) 


Acetone 

7.7 

Methyl  Ethyl  Ketone 

4.6 

Ethyl  Acetate  (85-90%) 

4.6 

Isopropyl  Acetate  95% 

3.9 

Secondary  Butyl  Acetate 

1.8 

Methyl  Isobutyl  Ketone 

Methyl  Isobutyl  Ketone  (82.5%  w)— 

1.6 

Methyl  Isobutyl  Carbinol  (17.5%  w) 
Normal  Butyl  Acetate 
Mesityl  Oxide 
Secondary  Amyl  Acetate 
Amyl  Acetate  (mixed  isomers) 

Methyl  Amyl  Acetate 
CELLOSOLVE  Acetate 
Diacetone  Alcohol 
Butyl  CELLOSOLVE 

Latent  Solvents 


Ethyl  Alcohol  (anhydrous)  1 .9 

Isopropyl  Alcohol  (anhydrous)  1.7 

Ethyl*  Alcohol  (190  proof)  1.7 

Normal  Butyl  Alcohol  (50%  v)— 

Anhydrous  Ethyl*  Alcohol  (50%  v)  0.7 

Methyl  Isobutyl  Carbinol  (30%  v)— 

Anhydrous  Ethyl*  Alcohol  (70%  v)  0.7 

Methyl  Isobutyl  Carbinol  (30%  v)— 

Anhydrous  Isopropyl  Alcohol  (70%  v)  0.7 

Normal  Propyl  Alcohol  1.1 

Secondary  Butyl  Alcohol  1.0 

Normal  Butyl  Alcohol  0.5 

Methyl  Isobutyl  Carbmol  (60%  v)— 

Anhydrous  Isopropyl  Alcohol  (40%  v)  0.5 

Secondary  Amyl  Alcohol  0.5 

Amyl  Alcohol  (mixed  isomers)  0,3 

Methyl  Isobutyl  Carbinol  0.3 

*Proprietary  grade. 

Diluents 

Toluene  2,1 

Xylene  0.8 


1.0 

1.0 

0.9 

0.8 

0.6 

0.5 

0.2 

0.2 

0.1 


Polyhydric  Alcohols 


ETHYLENE  GLYCOL 

Glycol 

1,2-Efhonediol  HOCH2CH2OH 

Table  7.1:  Physical  Properties  and  Specifications  of  Ethylene  Glycol  {32) 


Acidity  as  acetic  acid 

0.01%  by  wt.,  max. 

Fire  point,  Cleveland,  tag 

250’  F 

ASTM,  open  cup 

245*  F 

Ash 

0.005  g./lOO  ml.,  max. 

Flash  point  (open  cup) 

245’  F 

Boiling  point  at  760  mm.  Hg 

197.2-197.6*  C 

ASTM,  open  cup 

240’  F 

Coefficient  of  expansion  at  20“  C 

0,00062/*C 
0.0006375/ “C 

Free  energy  of  formation  at  25“  C 

-80.2  kcal./mole 

Heat  of  combustion  (const. 

Color,  APHA 

10-15  max. 

pressure)  at  20*  C 

-283.3  kcal./mole 

Density  (true)  at  20“  C 

1.1134  g./ml. 

Heat  of  dilution  [CjH^  (OH)  j x 2 HjO) 

0.06  cal./g. 

Heat  of  formation  at  20*  C 

-108.1  kcal./mole 

Dielectric  constant,  20*  C 

38.66  esu 

Heat  of  fusion 

44.7  cal./g. 

Distillation  at  760  mm.  Hg 
Ibp 

5 ml. 

193*  C,  min. 

Heat  of  vaporisation  at  760  mm.  Hg 

191  cal./g. 

194*  C,  min. 

344  Btu/Ib. 

95  ml. 
Dp 

200"  C,  min. 
205-208*  C 

Inorganic  chlorides,  as  Cl 

0.1  ppm,  max. 

Electric  conductivity  at  25*  C 

1.07  X 10*  recip.  ohms  (mhos)  cm. 

Iron 

0.15  ppm,  max. 

Molecular  weight 

62.07 

Viscosity  at  10’  C (50’  F) 

33.6  cp. 

25“  C (77’  F) 

17.4  cp. 

Odor 

Mild 

35’  C (95’  F) 

12.3  cp. 

60’  C (140’  F) 

5.2  cp. 

Pour  point 

-75’  F 

Water  content 

0.3%  by  wt., 

, max. 

Refractive  index  n^  25’  C 

1.4306 

no  20“  C 

1.4316 

Weight  per  gallon  at  20’  C 

9.28  lb. 

Specific  gravity  (apparent),  25/25’  C 

1.1133 

20/20’  C 

1.1155 

Ethylene  Glycol 

Specific  heat  at  20’  C 

0.561 

Glycol  % % by 

Flash  Point  ’F 

Fire  Point  ‘ 

atO’  C 

0.544 

by  Wt.  Vol. 

Cleveland,  Tag 

Cleveland 

Spontaneous  ignition  temperature 

398.9“  C 

100  100 

245 

250 

4i2.8’  C 

95  94.7 

260 

270 

90  89.4 

270 

280 

Sulfates 

Not  detecUble 

Surface  tension  at  20’  C 

48.4  dynes/cm. 

Suspended  matter 

Substantially  free 

Vapor  at20’  C (68’  F) 

0.06  mm.  Hg 

25*  C (77*  F) 

0.12  mm.  Hg 

93’  C (200*  F) 

11.0  mm.  Hg 

132.2’  C (270’  F) 

75.0  mm.  Hg 
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Table  7.2:  Boiling  Points  of  Aqueous  Ethylene  Glycol  Solutions  (32) 


Glycol,  % 
by  Wt. 

% by 
Vol. 

Boiling 
Point  “F 

Glycol,  % 
by  Wt. 

% by 
Vol. 

Boiling 

Point 

Glycol,  % 
by  Wt. 

% by 
Vol. 

Boiling 
Point  '■F 

0 

0.0 

212 

70 

68.  4 

238 

90 

89.  4 

279 

10 

9.  1 

214 

72 

70.5 

240 

91 

90.5 

284 

20 

18.  4 

216 

74 

72.6 

243 

92 

91.5 

289 

25 

23.2 

217 

76 

74.  7 

245 

93 

92.6 

294 

JO 

28.0 

218 

78 

76.  8 

248 

94 

93.6 

301 

35 

32.8 

219 

80 

78.  9 

252 

95 

94.  7 

309 

40 

37.8 

221 

81 

79.9 

254 

96 

95.8 

319 

45 

42.  8 

223 

82 

81. 0 

256 

97 

96.  8 

330 

50 

47.  8 

225 

83 

82.0 

258 

98 

97.9 

345 

55 

52.9 

227 

84 

83.  1 

260 

99 

98.9 

363 

00 

58.  0 

230 

85 

84.  1 

262 

100 

100 

388 

82 

80.  1 

232 

86 

85.2 

265 

64 

62.2 

233 

87 

86.2 

268 

8C 

64.  2 

235 

88 

87.3 

271 

68 

66 . 3 

236 

89 

88.  4 

275 

Table  7.3:  Density  of  Aqueous  Ethylene  Glycol  Solutions  (32) 

Ethylene  Glycol  Percentage 

By  Wt.  0 10  20  30  40  50  60 

By  Vol.  0 9.1  18.4  28.0  37.8  47.8  58.0 

70 

68.4 

80 

78.9 

90 

89.4 

100 

100 

Temp.  "F 

Density  in  g. 

/ml. 

-50 

1.  no 

1. 125 

1.137 

-40 

1. 108 

1.122 

1. 134 

-30 

1.087 

1. 105 

1. 120 

1. 131 

-20 

1.086 

1. 103 

1. 117 

1.128 

1.138 

-10 

1.068 

1.084 

1. 100 

1. 114 

1. 125 

1.  135 

0 

1.066 

1.082 

1.097 

1.  Ill 

1.  122 

1. 131 

10 

1.048 

1.064 

1.080 

1.095 

1. 107 

1. 118 

1. 128 

1. 136 

20 

1.031 

1. 147 

1.063 

1,077 

1.092 

1. 104 

1.115 

1. 124 

1. 132 

30 

1.015 

1.030 

1.045 

1.061 

1.075 

1.089 

1,101 

1.  Ill 

1.  121 

1. 128 

40 

1.000 

1.014 

1.029 

1.044 

1.059 

1.073 

1.086 

1.098 

1. 108 

1. 117 

1. 124 

50 

1.000 

1.013 

1.027 

1.042 

1.056 

1.070 

1.083 

1.094 

1. 105 

1. 113 

1. 120 

60 

0.999 

1.012 

1.026 

1.040 

1.054 

1.067 

1.080 

1.091 

1. 101 

1. 109 

1. 116 

70 

0.998 

1.011 

1.024 

1.038 

1.051 

1.064 

1.076 

1.087 

1.097 

1. 105 

1. 113 

80 

0.997 

1.009 

1.022 

1.035 

1.049 

1.061 

1.073 

1.084 

1.093 

1. 101 

1.109 

90 

0.995 

1.007 

1.020 

1.033 

1.046 

1.058 

1.069 

1.080 

1.088 

1.097 

1. 105 

100 

0.993 

1.005 

1.018 

1.030 

1.043 

1.054 

1.066 

1.076 

1.085 

1.094 

1. 101 

no 

0.991 

1.003 

1.015 

1.027 

1.039 

1.051 

1.062 

1.072 

1.882 

1.090 

1.097 

120 

0.989 

1.000 

1.012 

1.024 

1.036 

1.047 

1.058 

1.068 

1.078 

1.186 

1.093 

130 

0.986 

0.997 

1.009 

1.021 

1.033 

1.044 

1.055 

1.064 

1.074 

1.082 

1.089 

140 

0.983 

0.994 

1.006 

1.018 

1.029 

1.040 

1.051 

1.060 

1.069 

1.078 

1.085 

150 

0.980 

0.991 

1.003 

1.014 

1.026 

1.036 

1.047 

1.056 

1.065 

1.074 

1.081 

160 

0.977 

0.988 

0.999 

1.011 

1.022 

1.032 

1.043 

1.052 

1.061 

1.069 

1,077 

170 

0.974 

0.985 

0.996 

1.007 

1.018 

1.028 

1.039 

1.048 

1.057 

1.065 

1.073 

180 

0.970 

0.981 

0.992 

1.003 

1.014 

1.024 

1.034 

1.044 

1.053 

1.061 

1.068 

190 

0.967 

0.977 

0.988 

0.999 

1.009 

1.020 

1.030 

1,040 

1.048 

1.057 

1.064 

200 

0.963 

0.974 

0.984 

0.995 

1.006 

1.016 

1.026 

1,035 

1.044 

1.052 

1.060 

210 

0.959 

0.970 

0.980 

0.991 

1.001 

1.011 

1.021 

1.031 

1.040 

1.048 

1.056 

220 

0.995 

0.965 

0.976 

0.987 

0.997 

1.007 

1.017 

1.026 

1.035 

1.044 

1.051 

230 

0.951 

0.961 

0.972 

0.982 

0.992 

1.003 

1.012 

1.022 

1.031 

1.039 

1.047 

240 

0.947 

0.  957 

0.967 

0.978 

0.988 

0.998 

1.008 

1.017 

1.026 

1.034 

1.042 

250 

0.942 

0.952 

0.963 

0.973 

0.983 

0.993 

1.003 

1.012 

1.021 

1.030 

1.038 

260 

0.938 

0.948 

0.958 

0.968 

0.978 

0.  988 

0.998 

1.008 

1.017 

1.025 

1.033 

270 

0.933 

0.943 

0.953 

0.963 

0.973 

0.983 

0.993 

1.003 

1.012 

1.020 

1.029 

280 

0.928 

0.938 

0.948 

0.958 

0.968 

0.978 

0.988 

0.998 

1.007 

1.016 

1.024 

290 

0.923 

0.933 

0.943 

0.953 

0.963 

0.973 

0.983 

0.993 

1.002 

1.011 

1.019 

300 

0.918 

0.928 

0.938 

0.948 

0.958 

0.968 

0. 978 

0.988 

0.977 

1.006 

1.014 

310 

0.913 

0.923 

0.933 

0.943 

0.953 

0.963 

0.973 

0.983 

0.992 

1.001 

1.010 

320 

0.907 

0.  917 

0.928 

0.938 

0.948 

0.958 

0.  968 

0.977 

0.987 

0.996 

1.005 

330 

0.902 

0.912 

0.922 

0.932 

0.942 

0.952 

0.962 

0.972 

0.982 

0. 991 

1.000 

340 

0.896 

0.906 

0.917 

0.927 

0.937 

0.947 

0.957 

0.967 

0.976 

0.985 

0.994 

350 

0.'890 

0.  900 

0.911 

0.921 

0.931 

0.941 

0.951 

0.961 

0.971 

0.980 

0.989 

SPECIFIC  SRAVITY,  t/60  •F. 


Table  7.4:  Specific  Gravity  at  eoT  of  Aqueous  Ethylene 
Glycol  Solution  vs  Composition  (19) 


Table  7.5:  Freezing  Points  of  Aqueous  Ethylene 
Glycol  Solutions  (1 1) 


Ethylene  Freezing  Ethylene  Freezing 

Glycol  Point  Glycol  Point 


wt.  % 

VoL  % 

“C 

OF 

Wt.  % 

Vol.  % 

-c 

“F 

0 

0.0 

0.0 

32.0 

40 

37.8 

-24 

-11 

2 

1.8 

-0.6 

30.9 

42 

39.8 

-26 

-15 

4 

3.6 

-1.3 

29.7 

44 

41.8 

-28 

-18 

6 

5.4 

-2.0 

28.4 

46 

43.8 

-31 

-23 

8 

7.2 

-2.7 

27.0 

48 

45.8 

-33 

-27 

10 

9.1 

-3.5 

25.6 

50 

47.8 

-36 

-32 

12 

10.9 

-4.4 

24.0 

52 

49.8 

-38 

-37 

14 

12.8 

-5.3 

22.4 

54 

51.9 

-41 

-42 

16 

14.6 

-6.3 

20.6 

56 

53.9 

-44 

-48 

18 

16.5 

-7.3 

18.8 

58 

56.0 

-48 

-54 

20 

18.4 

-8 

17 

80 

78.9 

-47 

-52 

22 

20.3 

-9 

15 

82 

81.0 

-43 

-46 

24 

22.2 

-11 

12 

84 

83.1 

-40 

-40 

26 

24. 1 

-12 

10 

86 

85.2 

-36 

-33 

28 

26.0 

-13 

8 

88 

87.3 

-33 

-27 

30 

28.0 

-15 

5 

90 

89.4 

-29 

-21 

32 

29.9 

-17 

2 

92 

91.5 

-26 

-15 

34 

31.9 

-18 

-1 

94 

93.6 

-23 

-9 

36 

33.8 

-20 

-4 

96 

95.8 

-19 

-3 

38 

35.8 

-22 

-7 

98 

97.9 

-16 

+3 

100 

100.0 

-13 

+9 
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Table  7.6:  Specific  Heat  of  Aqueous  Ethylene  Glycol  Solutions  (32) 


Ethylene  Glycol  Percentage 


By  Wt. 
By  Vol. 

0 

0 

10 
9. 1 

20 

18.  4 

30 

28.0 

40 

37.8 

50 

47.8 

60 

58.0 

70 

66.4 

60 

78.9 

Temp.  "F 

Specific  Heat  in  Btu/lb.  “F 

60 

0.  9996 

0.968 

0.928 

0.882 

0.  835 

0.785 

0.734 

0.687 

0.642 

70 

0. 9987 

0.968 

0.930 

0.887 

0.  841 

0.792 

0.742 

0.695 

0.650 

80 

0. 9982 

0.969 

0.933 

0.892 

0.847 

0.  799 

0.750 

0.703 

0.658 

90 

0. 9980 

0.970 

0.935 

0.896 

0.  852 

0.822 

0.758 

0.711 

0.665 

100 

0.9980 

0.971 

0.938 

0.900 

0.858 

0.813 

0.  766 

0.719 

0.672 

no 

0.9982 

0.972 

0.  940 

0.904 

0.863 

0.819 

0.773 

0.727 

0.680 

120 

0.9985 

0.973 

0,  942 

0.907 

0.  868 

0.825 

0.780 

0.734 

0.687 

130 

0. 9989 

0.974 

0.944 

0.910 

0.872 

0.851 

0.787 

0.740 

0.694 

140 

0.9994 

0.975 

0.947 

0.914 

0.877 

0.837 

0.794 

0.747 

0.700 

150 

1.0001 

0.977 

0.949 

0.917 

0.881 

0.642 

0.  800 

0.753 

0.707 

160 

1.0008 

0.978 

0.951 

0.921 

0.886 

0.  847 

0.  805 

0.759 

0.713 

170 

1.0017 

0.980 

0.954 

0.924 

0.890 

0.852 

0.  810 

0.765 

0.720 

IBO 

1.0027 

0.981 

0.956 

0.927 

0.894 

0.  857 

0.  816 

0.771 

0.726 

190 

1.0039 

0.983 

0.959 

0.931 

0.898 

0.861 

0.821 

0.777 

0.733 

200 

1.0052 

0.985 

0.961 

0.934 

0.902 

0.666 

0.826 

0.783 

0.739 

210 

1.0067 

0.987 

0.964 

0.937 

0.905 

0.  870 

0.  831 

0.789 

0.745 

220 

1.008 

0.989 

0.966 

0.940 

0.909 

0.  875 

0.  636 

0.794 

0.750 

230 

1.010 

0.992 

0.969 

0.943 

0.913 

0.  879 

0.841 

0.799 

0.756 

240 

1.013 

0.994 

0.972 

0.947 

0.917 

0.664 

0.846 

0.805 

0.762 

250 

1.015 

0.997 

0.976 

0.951 

0.922 

0.889 

0.852 

0.811 

0.768 

260 

1.018 

1.000 

0.979 

0.  954 

0.926 

0.  893 

0.  857 

0.817 

0.774 

270 

1.021 

1.003 

0.983 

0.958 

0.930 

0.696 

0.862 

0.822 

0.780 

280 

1.024 

1.006 

0.986 

0.962 

0.935 

0.903 

0.  867 

0.828 

0.786 

290 

1.027 

1.010 

0.990 

0.966 

0.939 

0.908 

0.873 

0.834 

0.792 

300 

1.030 

1.014 

0.994 

0.970 

0.943 

0.  913 

0.878 

0.840 

0.798 

310 

1.034 

1.018 

0.998 

0.975 

0.  948 

0.918 

0.883 

0.645 

0.804 

320 

1.039 

1.023 

1.003 

0.980 

0.953 

0.923 

0.669 

0.851 

0.810 

330 

1.044 

1.028 

1.008 

0.  985 

0.958 

0.926 

0.  694 

0.857 

0.816 

340 

1.050 

1.033 

1.013 

0.990 

0.963 

0.933 

0.900 

0.863 

0.822 

350 

1.056 

1.038 

1.018 

0.995 

0.968 

0.  939 

0.906 

0.669 

0.626 
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Table  7.8:  Vapor  Pressure  of  Aqueous  Ethylene 
GIvcol  Solutions  (11) 


By  Wt. 
By  Vol. 

70 

68.4 

Ethylene  Glycol  Percentage 

75  80  85  90 

73.6  78.9  84.1  89.4 

95 

94.7 

97 

96.8 

100 

100 

Temp. 

Absolute  Pressure  in  psi 

150 

2.2 

2.0 

1.7 

1.4 

1.1 

0.6 

0.4 

0.04 

160 

2.9 

2.6 

2.2 

1.8 

1.4 

0.8 

. 5. 

.06 

170 

3.6 

3.2 

2.8 

2.3 

1.7 

1.0 

.7 

.08 

180 

4.5 

4. 1 

3.5 

2.9 

2.2 

1.3 

.8 

. 12 

190 

5.6 

5.1 

4.4 

3.6 

2.7 

1.6 

1.0 

. 16 

200 

7.0 

6.3 

5.5 

4.5 

3.4 

2.0 

1.3 

0.2 

210 

8.5 

7.7 

6.7 

5.5 

4. 1 

2.4 

1.6 

.3 

220 

10.4 

9.4 

8.2 

6.7 

5.0 

3.0 

2.0 

. 4 

230 

12.6 

11.4 

9.9 

8.2 

6.1 

3.6 

2.5 

. 5 

240 

15.2 

13.7 

11.9 

9.9 

7.  4 

4.4 

3.0 

.7 

250 

18.  1 

16.4 

14.3 

11.8 

8.9 

5.3 

3.7 

0.9 

260 

21.6 

19.5 

17.0 

14.1 

10.6 

6.4 

4.4 

1. 1 

270 

25.5 

23.0 

20.1 

16.7 

12.6 

7.6 

5.3 

1.  4 

280 

30.1 

27.1 

23.7 

19.7 

14.9 

9.1 

6.4 

1.8 

290 

35.2 

31.8 

27.9 

23.2 

17.6 

10.8 

7.6 

2.3 

300 

41. 1 

37.1 

32.5 

27.1 

20.6 

12.7 

9.0 

2.8 

310 

47.7 

43. 1 

37.8 

31.5 

24.0 

14.9 

10.6 

3.5 

320 

55.2 

49.9 

43.8 

36.6 

27.9 

17.4 

12.5 

4.3 

330 

63.5 

57.5 

50.5 

42.2 

32.3 

20.2 

14.6 

5.2 

340 

72.9 

66.0 

58.0 

48.5 

37.2 

23.5 

17.1 

6.3 

350 

83.3 

75.5 

66.4 

55.6 

42.7 

27.1 

19.8 

7.6 

Table  7.9:  Viscosity  of  Aqueous  Ethylene 
Glycol  Solutions  (19) 
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Table  7.10:  Relative  Humectant  Values  of  Aqueous  Solutions  of  Ethylene  Glycol  (17) 


0 10  ZO  30  40  SO  60  70  80  90 

Ethylene  Glycol,  Weight  % 


Table  7.11:  Water  Vapor  Dew  Points  Over  Aqueous  Ethylene  Glycol  Solutions  (23) 


2040  60  80  nOt20l40lGOia0  200  220  240  260  2fli0  300320 

SOLUTION  TEMPERATURE . DEGREES  FAHRENHEIT 
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Table  7.12:  Key  Hygroscopicity  Curve  for 
Ethylene  Glycol  (55) 


Table  7.13:  Moisture  Absorption  of  Ethylene 
Glycol  at  Various  Relative 
Humidities  (55) 


The  effect  of  temperature  on  the 
moisture  absorption  of  ethylene  glycol  for  sys- 
tem equilibrium  at  various  absolute  humidities. 
Values  used  were  calculated  from  those  in  key 
hydroscopicity  curve  for  ethylene  glycol. 


grains  H20/ft  atm  (abs  hum) 


The  effect  of  temperature  on  the 
moisture  absorption  of  ethylene  glycol  for  sys- 
tem equilibrium  of  various  absolute  humidities. 
Values  plotted  were  from  experimentally  ob- 
tained data. 
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Table  7.15:  Kinematic  Viscosity  of  Anhydrous 
Ethylene  Glycol  and  Trimethylene 
Glycol  Solutions  (32) 


Table  7.16:  Freezing  Points  of  Anhydrous 

Ethylene  Glycol  and  Trimethylene 
Glycol  Solutions  (32) 


Table  7.17:  Azeotropes  of  Ethylene  Glycol  (19) 


Components 

Azeotrope 

Specific 

Bolling 

Boiling 

Composition,  % by  wt. 

Relative 

Sp.  Gr. 

Compound 

Gravity 

at 

20/20“  C 

Point, 
"C  at 
760  mm. 

Point, 
“C  at 
760  mm. 

In 

Azeo- 

trope 

In 

Upper 

Layer 

In 

Lower 

Layer 

Volume 
of  Layers 
at  20“  C 

20/20“  C 
of  Azeotrope 
or  Layers 

Ethylene  Glycol 

1. 1155 

197.5 

196.2 

72.5 

1.074 

Butyl  Carbitol 

0.9536 

230.6 

27.5 

Ethylene  Glycol 

1.1155 

197.5 

139.5 

6.4 

2 

99 

U95 

U0.777 

Dibutyl  Ether 

0.7694 

142.1 

93.6 

98 

1 

L 5 

LI. 114 

Ethylene  Glycol 

1. 1155 

123T 

92. 7T 

U 9.9 

Dichlorethyl  Ether 

1.2220 

96  T 

L90. 1 

Ethylene  Glycol 

1. 1155 

197.5 

178.0 

26.1 

0.959 

Diethyl  Carbitol 

0.9082 

188.  4 

73.9 

Ethylene  Glycol 

1. 1155 

9U 

87t 

U50 

Di(2-ethylhe;0'l)  Ether) 

0.  8121 

135t 

L50 

Ethylene  Glycol 

1.1155 

123T 

112. 8t 

35.6 

0. 1 

99.9 

U71.8 

U 0.795 

Di-N-hexyl  Ether 

0.7942 

137T 

64.4 

99.9 

0.1 

L28.2 

LI. 115 

Ethylene  Glycol 

1. 1155 

123t 

120. 4t 

62.3 

0.2 

98.5 

U37.6 

U 1.076 

Diphenyl  Ether 

1.0677# 

161t 

37.7 

99.8 

1.5 

L62.4 

LI. 114 

Ethylene  Glycol 

1.1155 

197.5 

192.3 

64.5 

0.22 

98.28 

U 35.  3* 

U 1.068# 

Diphenyl  Ether 

1.0677# 

257.4 

35.5 

99.78 

1.72 

L64.7e 

LI.  108# 

(continued) 
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Table  7.17:  (continued) 


Components 

j Azeotrope 

Specific 

Boiling 

Boiling 

Composition,  % by  wt. 

Relative 

Sp.  Gr. 
20/20“  C 
of  Azeotrope 
or  Layers 

Compound  Gravity 

20/20“  C 

Point, 
*C  at 
760  mm. 

Point, 
“C  at 
760  mm. 

In  In  In 

AzeO“  Upper  Lower 

trope  Layer  Layer 

Volume 
of  Layers 
at  20“  C 

Ethylene  Glycol 

1,1155 

197.5 

192 

45.5 

1.050 

Exthojqr  diglycol 

0. 9898 

208.8 

54.5 

Ethylene  Glycol 

1.1155 

123t 

114 

4 

1.025 

Methyl  Carbitol 

1.0211 

115t 

96 

Ethylene  Glycol 

1.1155 

157, !▲ 

149A 

12 

1.033 

Methyl  Carbitol 

1.0211 

151. 2A 

88 

Ethylene  Glycol 

1.1155 

197.5 

192 

30 

1.051 

Methyl  Carbitol 

1.0211 

193.6 

70 

tAt  50  mm.  Hg 
tAt  10  mm.  Hg 
Heterogeneous  at  20"  C 
#At  30/20"  C 
•At  30"  C 
▲At  200  mm.  Hg 


PROPYLENE  GLYCOL 


1 , 2-  Propanediol 


CH3CHOHCH2OH 


Table  7.18:  Physical  Properties  of  Propylene  Glycol  (32) 


Boiling  point  at  10  mm.  Hg 
50  mm.  Hg 
760  mm.  Hg 

ABoiling  point/A pressure 

Coefficient  of  expansion  to  20®  C 
to  55®  C 

Evaporation  rate  (n-butyl  acetate— 1.0) 

Fire  point,  ASTM  open  cup 
Flash  point,  Cleveland  open  cup 
Freezing  point 

Heat  of  combustion  at  25®  C 

Heat  of  vaporization  at  boiling  point  at  1 atm. 

Ignition  temperature 
Molecular  weight,  calculated 
Pour  point 

Refractive  index,  nj,  20®  C 

Specific  heat  at  20®  C 

Specific  gravity,  20/20®  C 

A Specific  gravity /A  temperature,  0 to  40®  C 


85®  C 
116®  C 
187.4®  C 

0.042®  C/mm.Hg 

0.695  X 10'* 

0.743  X lO"* 

0.01 
225®  F 
210®  F 

“60  (sets  to  glass  below 
this  temperature) 

5728  cal./g. 

10,312  Btu/lb. 

168.9  eal./g. 

304  Btu/lb. 

421®  C 
76.094 
-59.5®  C 
1.4326 

0.593  cal./g./®C 

1.0381 

0.00073/®C 


Vapor  density  (air— 1.0)  2.52 

Vapor  pressure  at  20®  C 0.05  mm.  Hg 

0.08  mm.  Hg 

Viscosity  at  0®  C 243  cp. 

20®  C 56  cp. 

40®  C 18  cp. 

Weight  per  gallon  at  25®  C 8.64  lb. 
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Table  7.19;  Propylene  Glycol  Specifications  (19) 


Standard  Grade 

U.S.  P.  Grade 

Air-Treatment 

Grade 

Special  Grade 

Specific  gravity  at  20/20“  C 

1.0J70  to  1.0390 

1.0375  to  1.0400 

1.0375  to  1.0400 

1.0380  to  1.0390 

Distillation  at  760  mm.  Hg 

Lbp,  185*  C,  max. 
95  ml.  109“  C,  max. 
Dp,  194  “ C,  max. 

T 

T 

X 

Propylene  glycol,  min. 

— 

97. 5%  by  wt. 

97,5%  by  wt. 

99.  0%  by  wt. 

Acidity,  max. 

0.005%  b>  wt.^ 

0.005%  by  wt.5 

0.005%  by  wt.^ 

0.005%  by  wt.  ^ 

Refractive  Index  at  20*  C,  n^ 

— 

— 

1.4316  to  1.4335 

— 

Solubility 

— 

• 

A 

— 

Chlorides,  max.  (as  Cl) 

0.  001%  by  wt. 

0.001%  by  wt. 

0.001%  by  wt. 

0.001%  by  wt. 

Oxidizing  substances 

— 

— 

none 

Carbonyl  groups 

- 

— 

— 

shall  pass  test 

Sulfates 

— 

none 

— 

— 

Heavy  metals,  max.  (aS  Pb) 

— 

5 ppm 

- 

— 

Lead,  max.  (as  Pb) 

— 

— 

— 

0.0003%  by  wt.  •♦ 

Arsenic,  max.  (AS2O3) 

— 

1 ppm 

— 

0.001%  by  wt.  tt 

Water,  max. 

0.5%  by  wt. 

0.  2%  by  wt. 

0.  5%  by  wt. 

— 

Ash,  max. 

0,005%  by  wt. 

0.005%  by  wt. 

0.007%  by  wt. 

— 

Color,  max.  (Pt-Co  Scale) 

10 

10 

15 

15 

Odor 

— 

mild 

— 

mild 

Suspended  matter 

substantially  free 

substantially  free 

substantially  free 

substantially  free 

tShall  entirely  distill  within  a 5°  C range  which  shall  include  187.3°  C. 
tShall  entirely  distill  within  a 5°  C range,  and  90  ml.  shall  distill  within  a 2.2°  C range. 
§ Calculated  as  acetic  acid.  This  is  equivalent  to  0.047  mg.  KOH  per  g.  sample. 
^Calculated  as  hydrochloric  acid.  This  is  equivalent  to  0.077  mg,  KOH  per  g.  sample. 
•Miscible  in  all  proportions  with  water,  acetone,  and  chlorform  at  25°  C. 

• Completely  miscible  in  all  proportions  with  water  at  20°  C. 

••This  is  equivalent  to  3 ppm. 
ttThis  is  equivalent  to  10  ppm. 


Table  7.20:  Bolling  Points  of  Aqueous  Propylene  Glycol  Solutions  (19) 
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Table  7.21 : Conversion  Chart  for  Aqueous  Propylene  Glycol  Solutions  (23) 


Table  7.22:  Density  of  Aqueous  Propylene  Glycol  Solutions  (Percent  by  Weight)  (23) 


TEMKRATURE.  DEGREES  FAHRENHEIT 
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Table  7.23:  Effect  of  Aqueous  Propylene  Glycol  Solutions  on  Dew  Points  at  Various 
Contact  Temperatures  (19) 


Table  7.24:  Freezing  Points  of  Aqueous  Propylene  Glycol  Solutions  (2) 


(I)  Observed; 

(II)  Theoretical,  without  hydration; 

(III)  Theoretical,  with  complete  hydration. 
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Table  7.25:  Heat  of  Vaporization  of  Propylene  Glycol  at  Various  Temperatures  (19) 


Table  7.26:  Refractive  Indices  of  Aqueous  Propanediol  Solutions  at  20°,  30°,  and  40°C  (32) 


1,2 -Propanediol 

1, 3-Propanediol 

Glycol, 

% 

nS* 

Glycol, 

% 

“i* 

»l* 

n4« 

"d 

9.94 

1.3435 

1.3422 

1.3411 

10.98 

1.3433 

1.3430 

1.3410 

20.03 

1.3552 

1.3540 

1.3522 

19.96 

1.3540 

1.3528 

1.3511 

30.23 

1.3670 

1.3650 

1.3630 

30.21 

1.3654 

1.3640 

1.3623 

40.01 

1.3780 

1.3758 

1.3732 

40.34 

1.3770 

1.3755 

1.3735 

49.41 

1.3887 

1.3863 

1.3833 

49.94 

1.3880 

1.3861 

1.3839 

60.04 

1.3995 

1.3970 

1.3940 

60. 32 

1.3997 

1.3975 

1.3951 

69.50 

1.4082 

1.4055 

1.4028 

70.24 

1.4103 

1.4080 

1. 4065 

79.43 

1.4174 

1.4144 

1.4111 

79.87 

1.4205 

1.4183 

1.4155 

89.74 

1.4252 

1.4221 

1.4190 

89.68 

1.4300 

1.4276 

1.4250 

100 

1.4324 

1.4295 

1.4255 

100 

1.4389 

1.4364 

1.4332 
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Table  7.27;  Relative  Humectant  Values  of  Propylene  Glycol,  N.F.  (23) 


values  are  given  as  the  per  cent  by  weight  of  glycol  in  water 
solutions  that  will  be  in  equilibrium  with  air  of 
various  temperatures  and  humidities 


Temperature 
of  Air 

20% 

30% 

RELATIVE 
40%  50% 

HUMIDITIES 
60%  70% 

80% 

90% 

0“  F 

93.0 

88.0 

78.0 

73.7 

70.0 

62.5 

45.0 

10'  F 

93.5 

87.5 

78.0 

73.7 

70.5 

63.0 

46.0 

30.0 

20*  F 

93.0 

87.5 

78.5 

73.7 

71.0 

63.0 

47.0 

30.0 

J0“  F 

92.7 

88.0 

79.5 

74.0 

71.0 

62.0 

48.0 

30.0 

40'  F 

93.0 

89.5 

81.0 

76.0 

71.5 

64.0 

50.0 

30.0 

50'  F 

93.5 

90.5 

83.0 

77.5 

72.0 

66.0 

51.0 

31.0 

60'  F 

93.7 

90.8 

84.0 

78.0 

72.0 

66.0 

52.0 

32.0 

70'  F 

94.0 

91.0 

85.0 

78.5 

73.0 

66.5 

52.5 

33.0 

00“  F 

94.3 

91.2 

05.0 

79.0 

73.0 

66.0 

52.5 

34.0 

90'  F 

94.4 

91.2 

85.5 

79.5 

73.5 

67.0 

53.0 

35.0 

100“  F 

94.4 

91.25 

85.8 

80.5 

74.0 

67.0 

53.0 

35.0 

110'  F 

94.4 

91.26 

86.0 

81.0 

75.0 

67.5 

53.0 

33.0 

120'  F 

94.4 

91.27 

86.5 

81.3 

75.0 

68.0 

54.0 

33.0 

Table  7.28:  Specific  Gravity  of  Aqueous  Propylene  Glycol  Solutions  at  Various  Temperatures  (19) 


TOTAL  PRESSURE , 
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Table  7.29:  Specific  Heat  of  Aqueous  Propylene 
Glycol  Solutions  (19) 


Table  7.30:  Thermal  Conductivity  of  Aqueous 
Propylene  Glycol  Solutions  at 
Various  Temperatures  (19) 


PROPYLENE  GLYCOL,  PER  CENT  BY  WEIGHT 


0 20  40  «0  SO  too  120  140  l«0  lao 

temperature  . *c 


0 >0  20  30  40  SO  60  70  60  90  100  110  120 

TEMPERATURE  , *C. 


Table  7.31:  Total  Pressure  over  Aqueous 
Propylene  Glycol  Solutions 
Versus  Temperatures  (23) 


Table  7.32:  Vapor-Liquid  Composition  Curves  for 

Aqueous  Propylene  Glycol  Solutions  (23) 


MOLE  FRACTION  PRORYLENE  CLYCOl 
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Table  7.33:  Vapor  Pressures  of  Aqueous  Propylene 
Glycol  Solutions  (19) 


Table  7.34:  Viscosities  of  Aqueous 
Propylene  Glycol 
Solutions  (23) 


Table  7.35:  Azeotropes  of  Propylene  Glycol  (19) 


Components 

Azeotrope 

Compound 

Specific 

Gravity 

at 

20/20*  C 

Bolling 
Point,  *C 
at 

760  mm.  Hg 

Bolling 
Point,  *C 
at 

760  mm.  Hg. 

Relative 
Volume 
of  Layers 
at  20*  C 

Specific 

Gravity 

at 

20/20*  C 

Proi^lene  glycol 

1.0381 

187.4 

136 

Upper  layer  93 

dibutyl  ether 

0.7694 

142. 1 

Lower  layer  7 

Propylene  glycol 

1.0381 

85t 

84t 

dl-(2-‘ethylhe]^)  ether 

0.8121 

135t 

Propylene  glycol 

1.0381 

187.4 

108 

Upper  layer  98 

toluene 

0. 8683 

110.6 

Lower  layer  2 

tAt  10  mm.  Hg. 
}Heter<^neou8  at  20*  C. 
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1,3-PROPANEDIOL 


Trimethylene  Glycol 

] , 3-Dihydroxypropane  CH2OHCH2CH2OH 

Beta- Propylene  Glycol 

Table  7.36:  Physical  Properties  of  1,3-Propanedlol  (32) 


Boiling  point  at  760  mm.  Hg 

214°  C (210-211“ 

C) 

Freezing  points  of  aqueous  solutions,  "C 

10% 

-2.86 

20% 

-6.5 

30% 

-11.8 

40% 

-18.8 

50% 

-27.7 

60% 

-40.0 

Molecular  weight 

78.1 

Refractive  indices  of  aqueous  solutions 

r.20 

Op 

40 

"0 

at  20,  30,  and  40“  C 

11.0% 

1.3433 

1.3430 

1.3410 

20.0% 

1.3540 

1.3528 

1.3511 

30.2% 

1.3654 

1.3640 

1.3623 

40.3% 

1,3770 

1.3755 

1.3735 

50.0% 

1.3880 

1.3861 

1.3839 

60.3% 

1.3997 

1.3975 

1.3951 

70.2% 

1.4103 

1.4080 

1.4065 

79.9% 

1.4205 

1.4183 

1.4155 

89.7% 

1.4300 

1.4276 

1.4250 

100.0% 

1.4389 

1.4364 

1.4332 

Specific  gravity  at  20/20“  C 

1.0554 

at  0“  C 

1.0625 

at  214“  C 

0.9028 

Thermal  expansion  of  aqueous  solutions 

between  20  and  40“  C (Of  x 10^) 

20% 

0.39 

40% 

0.47 

G0% 

0.55 

80% 

0.60 

100% 

0.61 

Isothermal  contraction  in  volume  on  mixing 

20“  C 

40“  C 

with  water  between  20  and  40“  C 

(ml.  contraction  per  100  ml.  of 
initial  volume) 

20% 

0.37 

0.29 

40% 

0.90 

0.81 

60% 

1.19 

1.07 

80% 

1.01 

0.89 

Table  7.37:  Freezing  Points  of  Aqueous  Solutions  of  1,3-Propanediol  (32) 


% PROPYLENE  GLYCOL  (1.3)  BY  WT. 


Freezing  Points  of  Propylene 
Glycol  ( 1 , 3} -Water  Mixtures.  ( 1}  Observed; 
(II)  Theoretical,  without  hydration;  (111) 
Theoretical,  with  complete  hydration. 
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Table  7.38:  Specific  Gravity  of  Aqueous  Solutions  of  1,3-Propanediol  at  20°  and  40°C  (32) 


% 1,1  - PNOPANf  OIOL 


1,2-BUTANEDIOL 

Table  7.39:  Physical  Properties  of  1,2-Butanedlol  (32) 


Freezing  points  of  aqueous  solutions.  *C 

10%  >2.6 

20%  -6.0 

30%  -11.0 

40%  -16.5 

50%  -22.4 

60%  -29.0 


Refractive  indices  of  aqueous  solutions 

4* 

4* 

ni* 

Thermal  expansion  of  aqueous  solutioos 

at  20.  30.  and  40*  C 

between  20  and  40*  C (C(  x 10*) 

10.13% 

1.3452 

1.3436 

1.3420 

20% 

0.454 

19.69% 

1.3572 

1.3553 

1.3634 

40% 

0.664 

29.72% 

1.3693 

1.3672 

1.3660 

60% 

0.726 

39.79% 

1.3813 

1.3788 

1.3760 

80% 

0.766 

49.68% 

1.3920 

1.3892 

1.3865 

100% 

0.775 

59.88% 

1.4027 

1.4000 

1.3966 

69.37% 

1.4120 

1.4090 

1.4068 

Isothermal  concentration  in  volume  on  mixing 

20*  C 

40*  C 

79.73% 

1.4211 

1.4185 

1.4165 

with  water  between  20  and  40*  C 

69.40% 

1.4297 

1.4265 

1.4230 

(ml.  contraction  per  100  ml.  of 

100.0% 

1.4375 

1.4347 

1.4310 

initial  volume) 

20% 

1.12 

1.01 

Viscosity  of  aqueous  solutioos  at 

20*  C 

40*  C 

40% 

1.96 

1.67 

20  and  40*  C»  in  centistokes 

60% 

1.92 

1.66 

10.125% 

1.520 

0.910 

80% 

1.27 

1.10 

19.7% 

2.187 

1.243 

29.7% 

3.310 

1.690 

39.8% 

4.802 

2.311 

49.7% 

6.739 

3.088 

59.9% 

9.72 

4.227 

36.4% 

13.82 

6.744 

79.7% 

21.37 

8.372 

69.4% 

36.64 

12.69 

100.0% 

68.0 

21.26 
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Table  7.40:  Specific  Gravity  of  Aqueous 
1 ,2-Butanediol  Solutions 
at  20°  and  40°C  (32) 


*4  i.t  - MTaMSIOL 


1,3-BUTANEDIOL 

1,3-Butylene  Glycol 


Table  7.41:  Absolute  Viscosity  of  Aqueous 
1,2-Butanediol  Solutions 
at  20°  and  40°C  (32) 


CH3CH(0H)CH2CH20H 


Table  7.42:  Physical  Properties 

of  1,3-Butanediol  (32) 

Acid  as  acstic 

0.005%  by  wt.,  max. 

Refractive  index  at  20  * C/D 

1.4401 

Bolling  point 

207.5’  C 

Solubility  (%  by  weight) 

in  castor  oil 

18% 

Color,  APHA 

15,  max. 

in  ether 

7% 

either  in 

9% 

OlstUlatlon  range 

200-215*  C 

in  ethyl  acetate 

32% 

ethyl  acetate  in 

41% 

Flash  point,  tag  open  cup 

250’  F 

in  dibutyl  phthalate 

2% 

Freezing  point 

Below  -50  * C 

Specific  gravity  at  20/20*  C 

1.0062 

Heat  of  vaporization 

155  cal./g. 

Surface  tension  at  25*  C 

37.8  dynes/cm. 

Hygroscoplcity,  weight  % water  absorbed  in 

Vapor  pressure  at  20  * C 

0.06  mm.  Hg 

144  hours  at: 

25-28’  C and  81%  relative  humidity 

38.5 

Viscosity  at  25*  C 

104  cp. 

25-28  * C and  47%  relative  humidity 

12.5 

at  35  * C 

89  cp. 

25-28  C and  20%  relative  humidity 

4.3 

Water 

0.5%  by  wt.,  ma 

Molecular  weight,  calculated 

90.12 

Weight  per  gallon  at  20*  C 

8.38  lb. 

Purity 

95%  by  wt.,  min. 
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Table  7.43:  Freezing  Point  of  Aqueous  Table  7.44:  Refractive  Index  and  Freezing  Point 

Solutions  of  1,3-Butanedlol  (32)  of  Aqueous  Solutions  of  1,3- 

Butanediol  (32) 


Content  of 
1,3-Butanediol, 
% by  Weight 

n 25"C 
D 

Freezing  Point 
'C  “F 

19.4 

1.3561 

-4 

+25 

39.4 

1.3806 

-15.5 

+4 

49.3 

1.3922 

-25 

-13 

58.5 

1.4032 

-37 

-35 

64.5 

1.4093 

-42 

-44 

69.0 

1.4138 

-51 

-60 

79.5 

1.4237 

Viscous 

89.0 

1.4319 

liquid 

Table  7.45:  Specific  Gravity  of  Aqueous  1,3- 
Butanedlol  solutions  at  20“  and 
40“C  (32) 


Table  7.46:  Viscosity  of  Aqueous  Solutions 
of  1,3-Butanedlol  (32) 


Content  of 
1,3-Butanediol, 
% by  Weight 

Viscosity,  centipoises 
25.0“  C -171“  ±C  -37±  1’  C 

19.4 

2.1 

39.4 

4.7 

49.3 

6.7 

95 

58.5 

10.2 

172 

69.0 

16.7 

304 

79.5 

27 .7 

620 

7,000 

89.0 

50.8 

1,360 

18,500 

100.0 

98.3 

3,150 

35,000 

Table  7.47:  Absolute  Viscosity  of  Aqueous  1,3-Butanedlol  Solutions  at  20°  and  40°C  (32) 
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1,4-BUTANEDIOL 

Tetramethylene  Glycol 


HOCHjCHjCHjCHjOH 


Table  7.48:  Physical  Properties  of  1,4-Butanedlol  (32) 


Acetals  (as  CHj  0) 

Less  than  0.8% 

Acidity  (as  HCOj  H) 

Less  than  1% 

Ash 

0% 

Boiling  range 

221-231°  C 

1 -Butanol 

Less  than  0.5% 

Flash  point  (ASTM  open  cup) 

More  than  250°  F 

Free  aldehyde  as  CHjO 

Less  than  0.1% 

Freezing  point  range 

18-19.5°  C 

Purity 

Over  96% 

Refractive  index, 
^cific  gravity,  d* 

1.4435-1.4445 

1.012-1.016 

Unsaturation  (as  butendiol) 

Less  than  1% 

Viscosity,  25°  C 

65-70  cp. 

Water  content 

Less  than  0.8% 

Pure  1,4-Butanediol 

Boiling  point  at  10  mm.  Hg 

118"  C 

20  mm.  Hg 

133"  C 

100  mm.  Hg 

170"  C 

200  mm.  Hg 

187"  C 

760  mm.  Hg 

228"  C 

Table  7.49:  Absolute  Viscosity  of  Aqueous 

1 ,4-Butanedlol  Solutions  at 
20*  and  40*C  (32) 


Freezing  point 

20.9"  C 

Refractive  index,  nj^ 

1.4446 

Solubility  at  25"  C (g./lOO  ml.  solvent) 

in  water 

Infinite 

in  methanol 

Infinite 

in  ethanol 

Infinite 

in  acetone 

Infinite 

benzene 

0.3 

carbon  tetrachloride 

0.4 

chlorobenzene 

0.4 

ethyl  acetate 

14.1 

ethyl  ether 

3.1 

petroleum  ether  (35-60" 

C) 

0.9 

Specific  gravity,  d* 

1.0154 

% Water  in 

Freezing  Point 

Viscosity 

1,4-Butanediol 

("C) 

(cp.  at  25*  C) 

0.0 

20.0 

71.5 

0.1 

19.8 

71.3 

0.5 

19.0 

70.2 

1.0 

18.1 

68.9 

Table  7.50:  Specific  Gravity  of  Aqueous 

1,4-Butanediol  Solutions  at 
20'’  and  40°C  (32) 


%,  1,4-Butanediol 
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2,3-BUTANEDIOL 

2.3- Butylene  Glycol 

2. 3- Dihydroxybutone  CH2CH(OH) 

Table  7.51 : Physical  Properties  of  2,3-Butanediol  (32) 


Acidity  as  acetic 

0.005%  by  wt.,  max. 

Boiling  point  at  760  mm.  Hg 

182.5*  C 

Color,  APHA 

15  max. 

Density  of  liquid 

1.048 

Distillation  range 

175-195*  C 

Flash  point,  Ug  open  cup 

185*  F 

Freezing  point 

19*  C (5%  water  lowers  F.  P. 

Hygroscopicity  (%  water  pickup-400  hrs.) 
25*  C and  50%  rel.  hum. 

to  TlO*  C) 
24 

25*  C and  75%  rel.  hum. 

33 

Molecular  weight 

90.12 

Purity 

95%  by  wt.,  min. 

Refractive  index,  n^* 

1.4377 

Solubility  (1%  by  weight) 
in  castor  oil 

78% 

in  ether 

5% 

ether  in 

5% 

in  ethyl  acetate 

14% 

ethyl  acetate  in 

9% 

in  dibutyl  phthalate 

2% 

Specific  gravity  at  20/20*  C 

1.0093 

^cific  heat  at  30*  C 

0.60  cal./g. 

Specific  tension  at  25*  C 

36  dynes/cm. 

Vapor  pressure  at  20*  C 

17  mm.  Hg 

Viscosity  at  25*  C 

121  cp. 

at  35*  C 

90  cp. 

Water  content 

0.5%  by  wt.,  max. 

Weight  per  gallon 

8.41  lb. 

Table  7.52:  Bolling  Points  of  Aqueous  levo-2,3-Butanediol  Solutions  at  Atmospheric  Pressure  (32) 


POINX 
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Table  7.53:  Bolling  Points  of  Aqueous  levo-2,3-  Table  7.54:  Boiling  Points  of  Aqueous 

Butanediol-Ethanol  Solutions  (32)  levo-2,3-Butanediol- 

Methanol  Solutions  (32) 
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Table  7.56:  Freezing  Points  of  Aqueous  meso-dextro-2,3-Butanediol  Solutions  (32) 


Table  7.57:  Effect  of  meso-2,3-Butanediol  on  the  Freezing  Point  of  Aqueous  levo-2,3-Butanediol 
Solutions  (32) 


Composition  of  Dlol 

40%  Water 

60%  Water 

100%  levo 

-40.4°  C 

-19.4®  C 

95%  levo 

-37.0 

-21.0 

5%  meso 

90%  levo 

-28.2 

-21.0 

10%  meso 

85%  levo 

-18.6 

-17.2 

15%  meso 

80%  levo 

-14.0 

-12,4 

20%  meso 

50%  levo 

+ 1.55 

+ 1.55 

50%  meso 
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Table  7.58:  Freezing  Points  of  Aqueous 
levo-2,3-Butanedlol-Ethanol 
Solutions  (32) 


Table  7.59:  Freezing  Points  of  Aqueous 
levo-2,3-Butanedlol-Ethylene 
Glycol  Solutions  (32) 


Table  7.60:  Freezing  Points  of  Aqueous 
levo-2,3-Butanedlol- 
Methanol  Solutions  (32) 


Table  7.61:  Freezing  Points  of  Aqueous 
levo-2,3-Butanedlol- 
Tetrahydrofurfuryl  Alcohol 
Solutions  (32) 


KINEMATIC  viscosity,  LOG  CENTISTOKES 
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Table  7.62:  Kinematic  Viscosity  of  Aqueous  levo- 
2,3-Butanediol  Solutions,  Expressed 
Logarithmically,  as  a Function  of 
Concentration  and  Temperature  (32) 


Table  7.63:  Kinematic  Viscosity  of  Aqueous  levo- 
2,3-Butanediol  Solutions  In  Relation 
to  Concentration  and  Temperature  (32) 


Table  7.64:  Kinematic  Viscosity  of  60%  levo-2,3- 
Butanediol,  Glycerol  and  Ethylene 
Glycol  Solutions  at  Low  Temperatures  (32) 


-tt  -«  -W  -»  H> 

Temp.,  *C. 


Table  7.65:  Kinematic  Viscosity  of  Aqueous 
levo-2,3-Butanediol-Ethanol 
Solutions  at  20”C,  Expressed 
in  Centlstokes  (32) 


0 


*10  *20  *J0 
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Table  7.66:  Kinematic  Viscosity  of  Aqueous  levo- 
2,3-Butanedlol-Methanol  Solutions  at 
20°C,  Expressed  In  Centistokes  (32) 


Table  7.67:  Kinematic  Viscosity  of  Aqueous  levo- 
2,3-Butanediol-Ethylene  Glycol 
Solutions  In  20*C,  Expressed  in 
Centistokes  (32) 


oo 
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Table  7.70:  Optical  Rotatory  Power  of  Aqueous 
levo-2,3-Butanedlol  Solutions 
at  20”C  (32) 


Table  7.71:  Effects  of  Concentration  and 
Temperature  on  the  Specific 
Rotatory  Power  of  Aqueous  levo- 

2,3-Butanedlol  Solutions  (32) 


Table  7.72:  Refractive  Indices  of  Aqueous  levo- 

2,3-Butanedlol  Solutions  at 
Different  Temperatures  (32) 


Table  7.73:  Refractive  Indices  of  Aqueous 
Solutions  of  meso-  and  levo- 

2,3-Butanedlol  at  25°C  (32) 


Diol.  % 

Temperature,  *C 

20 

25 

30 

35 

0 

1.3330 

1,3325 

1.3319 

1.3312 

10.0 

1.3450 

1.3445 

1.3437 

1.3429 

19.9 

1.3574 

1.3566 

1.3557 

1.3549 

29.9 

1.3700 

1.3689 

1.3677 

1.3666 

39.9 

1.3820 

1.3807 

1.3793 

1.3779 

49.9 

1.3930 

1.3915 

1.3900 

1.3885 

59.6 

1,4027 

1.4012 

1.3997 

1.3982 

70.0 

1.4115 

1.4098 

1.4082 

1.4065 

79.7 

1.4197 

1.4180 

1.4162 

1.4146 

89.7 

1.4264 

1.4247 

1.4229 

1.4212 

99.5 

1.4322 

1.4302 

1.4283 

1.4264 
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Table  7.74:  Specific  Gravity  of  Aqueous  levo- 
2,3-Butanedlol  Solutions  at 
20°,  30°,  and  40°C  (32) 


Table  7.75:  Specific  Gravity  of  Aqueous  meso- 
2,3-Butanediol  Solutions  at 
20°,  30°,  and  40°C  (32) 


% 
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BUTANEDIOLS 

Table  7.77:  Refractive  Indices  of  Aqueous  Butanedlol  Solutions  at  20°,  30°,  and  40°C  (32) 


1,2-Butanediol 

1,3-Butanediol 

1 ,4-Butsnediol 

Glycol, 

% 

"d 

_30 

"d 

no 

Glycol, 

% 

"o 

"d 

Glycol, 

% 

np 

"o 

"o 

10.  13 

1.3452 

1.3436 

1.3420 

9.51 

1.3442 

1.3430 

1.3417 

10.51 

1.3444 

1.3432 

1.3420 

19.69 

1.3572 

1.3553 

1.3534 

19.18 

1.3552 

1.3548 

1,3520 

20.01 

1.3563 

1.3550 

1,3532 

29.72 

1.3693 

1.3672 

1.3650 

30.20 

1.3688 

1.3670 

1.3649 

30.02 

1.3682 

1.3671 

1.3659 

39.79 

1.3813 

1.3788 

1.3760 

39.94 

1.3800 

1.3^78 

1.3755 

39.86 

1.3802 

1.3790 

1.3768 

49.68 

1.3920 

1.3892 

1.3865 

49.45 

1.3920 

1.3895 

1.3870 

49. 70 

1.3935 

1.3916 

1.3898 

59.88 

1,4027 

1.4000 

1.3966 

60.02 

1.4040 

1.4012 

1.3983 

59.95 

1.4052 

1.  4042 

1.4020 

69.37 

1.4120 

1.4090 

1.4058 

70.10 

1.4145 

1.4118 

1.  4090 

70.15 

1.4183 

1.4167 

1.4140 

79.73 

1.4212 

1.4185 

1.4165 

80.20 

1.4242 

1.4215 

1.4185 

79.85 

1.4283 

1.4258 

1.4236 

89.40 

1.4297 

1.4265 

1. 4230 

89.67 

1,  4323 

1.4295 

1.4264 

90.10 

1.4370 

1.4349 

1.4318 

100 

1,4375 

1.4347 

1,4310 

100 

1.4398 

1.4370 

1.4331 

100 

1.4451 

1.4425 

1.4395 

Table  7.78:  Kinematic  Viscosity  of  Aqueous  Butanedlol  Solutions  at  20°  and  40°C,  in  Centlstokes  (32) 


1, 

2-Butanediol 

1, 

. 3 -Butanedlol 

1, 

. 4-Butanediol 

Glycol, 

Viscosity 

Glycol, 

Viscosity 

Glycol, 

Viscosity 

% 

20-C 

40-C 

% 

20*  C 

40*C 

% 

20*C 

40*  C 

10. 125 

1.520 

0.910 

9.505 

1.51 

0.91 

10.51 

1.446 

0.89 

19.69 

2.187 

1.243 

19. 175 

2.295 

1.291 

20.01 

2.109 

1.216 

29.72 

3.310 

1.690 

30.20 

3.529 

1.818 

30.02 

2.867 

1.6602 

39.79 

4. 802 

2.311 

39.94 

5.419 

2.593 

39.86 

4.258 

2.382 

49.685 

6.739 

3.088 

49.45 

8.313 

3.695 

49.70 

6.57 

3.202 

59.88 

9.72 

4.227 

60.02 

13.44 

5.600 

59.95 

10.20 

4. 707 

69.37 

13.82 

5.744 

70.1 

21.57 

8.413 

70.15 

16.48 

7.982 

79.73 

21.37 

8. 372 

80.20 

35. 36 

12.86 

79.85 

30.63 

12.62 

89.40 

35. 54 

12.57 

89.67 

63.43 

21.21 

90.1 

54. 35 

21.40 

100 

68.0 

21.25 

100 

129.8 

39.70 

100 

87.62 

33.6 

2-BUTENE-1,4-DIOL 


H0CH2CH=CHCH20H 

Table  7.79:  Physical  Properties  of  2-Butene-1 ,4-diol  (32) 


Physical  Properties  of  Technical  Cis -2 -Butene-1. 4-Diol 


Boiling  point  range 

232-235*  C 

Fire  point  (Cleveland  open  cup) 

270*  F 

Flash  point  (Cleveland  open  cup) 

263*  F 

Freezing  point  range 

4.0-7.0*  C 

Molecular  weight 

88.1 

Refractive  index,  n” 

1.476-1.478 

Specific  gravity  at  25/15*  C 

1.067-1.074 

Viscosity  at  68*  F 

22  cp. 

100*  F 

10.8  cp. 

210*  F 

2.5  cp. 

Purified  Cis-2-Butene-l,4-Diol 


at  760  mm.  Hg  234*  C 

100  mm.  Hg  177*  C 

20  mm.  Hg  140*  C 

10  mm.  Hg  122*  C 

5 mm.  Hg  109*  C 

Freezing  point  12.5*  C 

Refractive  index,  n”  1.4768-1.4773 

^ecific  gravity  at  25/15*  C 1.070 
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2-BUTYNE-1.4-DIOL 


HOCH2CSCCH2OH 

Table  7.80:  Physical  Properties  of  2-Butyne-1,4-Dlol  (32) 


Physical  Properties  of  Commercial  2-Butyne-l,4-Diol 


Acetals  (as  CH^O) 

Aldehydes  (as  CH]  O) 

Butynediol  content 
Freezing  point 
Methanol  (by  distillation) 
pH 

Propar^yl  alcohol 
Saponification  No.  (as  mg.  KOH/g, 
product) 

^ecific  gravity,  df 
Weight  per  gallon 


Less  than  0.6% 
Less  than  0.5% 
35  ± 1% 

Less  than  -7°  C 
0.0% 

4 to  6 

Less  than  0.5% 

Less  than  6 
1.04  to  1 " 

8.7  lb. 


Purified  2-Butyne-l,4-Diol 


Boiling  point  at  10  mm.  Hg 

140"  C 

100  mm.  Hg 

194"  C 

Crystal  structure 

system 

Orthorhombic 

principal  forms 

Basal  pinacoids  and  prisms  with 
crystals  flattened  parallel  to 
the  basal  pinacoids 

Melting  point 

57.5"  C 

Refractive  indices 

Of  ± 1.450  - 0.002 
± 1.528  - 0.002 

Solubility  (g./lOO  ml.  solvent) 

in  water  at  0"  C 

12i 

in  water  at  25*  C 

374 

in  ethyl  alcohol  at  25"  C 

83 

in  acetone  at  25"  C 

70 

in  ethyl  ether  at  25"  C 

2.6 

in  benzene  at  25"  C 

0.04 

1,5-PENTANEDiOL 

Pentamethylene  Glycol 

HOCH2CH2CH2CH2CH2OH 

Table  7.81:  Physical  Properties  of  1,5-Pentanedlol  (32) 

Boiling  point  at  760  mm.  Hg 

242.5*  C 

50  mm.  Hg 

166*  C 

10  mm.  Hg 

134*  C 

Coefficient  of  expansion  at  55*  C 

0,00061/"C 

Flash  point  (open  cup) 

265*  F 

Freezing  point 

-15.6*  C 

Molecular  weight 

104.16 

Refractive  index  at  20*  C 

1.4489 

Specific  gravity  at  20/20*  C 

0.9921 

Surface  tension  at  20*  C 

43.2  dynea/cm. 

Vapor  pressure  at  20*  C 

Less  than  0.01 

Viscosity  at  0*  C (absolute) 

415  cp. 

20*  C 

128  cp. 

40*  C 

48  cp. 

Weight  per  gallon  at  20*  C (average) 


8.23  lb. 
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Table  7.82:  Absolute  Viscosity  of  Aqueous  1 ,5- 
Pentanedlol  Solutions  at  20°  and 
40°C  (32) 


Table  7.83:  Specific  Gravity  of  Aqueous  1,5- 
Pentanedlol  Solutions  at  20°  and 
40°C  (32) 


% I.S- StMTANCOIOL 


2,4-PENTANEDIOL 

Amylene  Glycol 


CH3CHOHCH2CHOHCH3 


Table  7.84:  Physical  Properties  of  2,4-Pentanedlol  (32) 


Boiling  point  at  760  mm.  Hg 
Flash  point,  Cleveland  open  cup 
Melting  point 
Molecular  weight 

Specific  gravity  (apparent).  20/20*  C 


199*  C 
210*  F 
45*  C 
104.15 

0.964  (supercooled  liquid) 


NEOPENTYL  GLYCOL 

•■NPG"  Glycol 

2, 2-Dlmethyl-l , 3- Propanediol 


CH 

I 


3 


HO-CH2-C-CH2-OH 

I 

CH3 


Table  7.85:  Physical  Properties  of  Neopentyl  Glycol  (41) 


Empirical  Formula  C,H,,0j 

Molecular  Weight  (calcd.)  104.15 

Equivalent  Weight  (theor.)  52.08 

Acid  Number  0.01 

Hydroxyl  Number  (average)  1075 

Saponification  Number  0.14 

Acid,  as  acetic  acid,  wt.  % 0.05  max. 

Aldehyde,  as  hydroxypivaldehyde,  wt.  % 0.70  max. 

Ester,  as  neopentyl  hydroxypivaldehyde, 
wt.%  1.50  max. 

Water,  wt.%  1.00  max. 


Appearance  White,  crystalline  solid 

Autoignition  Temp.  (ASTM  D286-30),  °F.  750 

,°C.  399 

Boiling  Range,  °C„  at  3.35  mm.  Hg  93-94 

25  mm.  Hg  121-123 

760  mm.  Hg  210 


Bulk  Density,  21®C.,  g./cc.  1.06 

Ib./cu.  ft.  66.4 

Color,  APHA,  ppm.,  max.  25* 

Critical  Pressure,  atm.  (estd.)  36 

Critical  Temp.,  °K.  (estd.)  653 

Critical  Volume,  cu,  ft,/ lb.  (estd.)  0.059 

cc./g.  (estd.)  3.683 

Crystal  Density,  25°C.,  g./cc.  1.11 

Ib./cu.  ft.  69.3 


Crystallization  Point,  “C.  128  (same  as  m.p.) 

Effect  on  Metals:  No  corrosive  effect  on  mild  steel, 
galvanized  steel  or  tinplate. 
Slightly  corrosive  to  aluminum. 


Fire  Point  (Cleveland  Open  Cup),  °F.  305 

°C.  151.6 

Flash  Point  (Cleveland  Open  Cup),  °F.  305 

°C.  151.6 

(continued) 
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Table  7.85:  (continued) 


Heat  Capacity,  Solid,  B.t.u./lb./°F.  (estd.)  0.383 
cal.,  g./g./°C.  (estd.)  0.383 


Heat  of  Combustion,  B.t.u./lb.  (estd.)  -12,917 
cal.,  g./g.  (estd.)  ”7,176 
B.t.u./lb.  mole  -1,345,306 
cal.,  g./g.  mole  -747,391 
Heat  of  Fusion,  B.t.u./lb.  (estd.)  90 

cal.,  g./g.  (estd.)  50 


aMoften 


Solubility 

Solubility,  g./lOO  g.  of 
Solvent,  at 


Solvent 

5°C. 

15°C. 

60°C. 

Water 

173 

181 

400 

Acetone 

23 

60 

439 

Benzene 

0.6 

12 

199 

Cyclohexane 

0.0 

<1 

0.4 

Hexane 

0.5 

__ 

1.8 

Isobutyl  alcohol 

87.5 

— 

Methyl  ethyl  ketone 

25 

41 

>309 

Methyl  isobutyl  ketone 

7.9 

14 

76 

Toluene 

0 

<1 

39 

Trichloroethylene 

0.2 

<1 

117 

Specific  Gravity,  25°/4°C. 

1.066 

PENTANEDIOLS 

Table  7.86:  Kinematic  Viscosity  of  Aqueous  Pentanedlol  Solutions  at  20°  and  40°C,  in  Centistokes  (32) 


1, 

2 -Pentanedlol 

1, 

5“Pentanedioi 

Glycol.  % 

Viscosity 

Glycol,  % 

Viscosity 

20“  C 

40“  C 

20“  C 

40“  C 

10.36 

1.5475 

0.9275 

10. 17 

1.516 

0.9210 

19.97 

2.264 

1.258 

20.09 

2.246 

1.277 

30. 18 

2.88 

1.538 

30.42 

3.300 

1.795 

40.13 

4.  06 

2.08 

39.82 

4.735 

2.331 

50.02 

5.73 

2.82 

50.04 

7.08 

3,350 

59.96 

8.02 

3.742 

60. 12 

11.30 

5.250 

69.97 

13.03 

5.725 

70.45 

20.9 

8.842 

79.85 

19.85 

8. 138 

80.20 

36.22 

14.46 

90.05 

38.20 

13.62 

89.75 

66.25 

25.70 

100 

68.55 

20.82 

100 

115.65 

43.58 

Table  7.87:  Refractive  Indices  of  Aqueous  Pentanedlol  Solutions  at  20°  and  40°C  (32) 


1, 

2-Pentanediol 

1, 

5 -Pentanedlol 

Glycol, 

% 

nj® 

ni® 

Glycol, 

% 

no® 

no 

10.36 

1.  3452 

1.3430 

10.17 

1.3444 

1.3420 

19.97 

1.3585 

20.29 

1.3543 

20.64 

1.3500 

20.59 

1.3572 

30.94 

1.3705 

1.3682 

30.42 

1.3700 

1.3682 

41.26 

1.3830 

1.3800 

40.43 

1.3833 

1.3800 

51.05 

1.3930 

1.3895 

50.45 

1.3960 

1.3910 

61.28 

1.4050 

1.3990 

60.51 

1.4080 

1.4033 

70.00 

1.4120 

1.4068 

70.73 

1.4198 

1.4159 

80.04 

1.  4223 

1.4182 

80.08 

1.4304 

1. 4260 

90.05 

1.  4320 

1.4254 

90.15 

1.4417 

1.4367 

100 

1.4390 

1.4326 

100 

1. 4500 

1.4448 
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1,6-HEXANEDIOL 


CHjOHCHjCHjCHjCHjCHjOH 

Table  7.88:  Physical  Properties  of  1 ,6-Hexanedlol  (32) 


This  glycol  is  very  soluble  in  water. 


Boiling  point  at  760  mm.  Hg 

243”  C 

Flash  point,  Cleveland  open  cup 

265”  F 

Melting  point 

42*  C 

Molecular  weight 

118.17 

Specific  gravity  (apparent) 

0.958 

2,5-HEXANEDIOL 


CH3CHOHCH2CH2CHOHCH3 

Table  7.89:  Physical  Properties  of  2,5-Hexanedlol  (32) 

This  siX’Carbon  glycol  is  the  most  viscous  of  the  family.  It  is 
completely  miscible  with  water. 


Boiling  point  at  760  mm.  Hg 

Flash  point.  Cleveland  open  cup 

Freezing  point 

Molecular  weight 

Refractive  index  at  20*  C,  nQ 

Specific  gravity  (apparent)  at  45/15.6”  C 

Viscosity  at  20*  C 


220.8*  C 
220*  F 

Sets  to  a glass  below  -50*  C 

118.17 

1.4474 

0.9617 

37  cp. 


HEXYLENE  GLYCOL 

2-Methy  1-2 , 4-  Pentanediol 
Methyl  Amylene  Glycol 

Diocetone  Glycol  CH3COH(CH3)CH2CHOHCH3 

Table  7.90:  Physical  Properties  and  Specifications  of  Hexylene  Glycol  (32) 


Acidity  as  acetic  acid 

0.005%  by  vft.,  max. 

Density  (in  vacuo)  at  0 * C 

Boiling  point  at  760  mm.  Hg 

198.27*  C 

20*  C 

197.1*  C 

30*  C 

at  50  mm.  Hg 

125*  C 

at  10  mm.  Hg 

94*  C 

dt/dp  at  the  boiling  point 

Color.  Pt-C^  (Hazes)  standard 

15,  max. 

Flash  point,,  Cleveland  open  cup 

Critical  properties,  P. 

499  psia 

T. 

1221*  R 

Freezing  point 

V. 

6.78  ft./mole 

Density  (in  air)  at  760  mm.  Hg 

0.928  g./cc. 

Distillation  range  (ASTM  D-1078) 

Density  in  air  at  any  temp,  may  be 

(95%  will  distill  between 

obtained  from  equation: 

D.  - 0.952  - 4.02  x loS 

196*  C and  199*  C) 

0.936«  (,/cc. 

0.0216  g./cc. 

0.9145  g./cc. 

0.045*  C/mm. 

210*  F 
215*  F 

Becomes  eemlaolld  at  -40*  C 
without  crystalline  formation 
Sets  to  glass  below  -50*  C 

195  to  200*  C 


(continued) 
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Table  7.90:  (continued) 


Latent  heat  of  vaporization 

Molecular  weight 
Pour  point 

Refractive  dispersion^  (Nr  - Nc)  x 10^ 

Refractive  index,  nj* 
no 

Specific  gravity  at  20/4*  C 
20/20*  C 

A Sp.  Gr./At,  0 to  55*  C 
Surface  tension,  20*  C 
Vapor  pressure,  20"  C 
Viscosity  (absolute),  20*  C 
Water  at  20*  C 

Weight  per  gallon  at  20*  C 


12.3  X 13*  cal. /g. -mole 

104.1  g.-cal./g. 

208  Btu/lb. 

118.17 

-37.2*  C (35*  F) 

72.5 

1.4276 

1.4243 

0.9216 

0.9234 

0.00097 

33.1  dynes/cm. 

0.05  mm.  Hg 

34.4  cp. 

Miscible  without  turbidity  with  19 
vols.  of  n-heptane 

7.69  lb. 


Table  7.91:  Freezing  Points  of  Hexylene 
Glycol-Water  Mixtures  (32) 


Table  7.92:  Specific  Gravity  and  Freezing 
Point  of  Hexylene  Glycol- 
Water  Mixtures  (14) 


Freezing  Points  of  Hexylene 
Glycol  (2-Methyl-2,4-pentanediol)- Water 
Mixtures.  (1)  Observed;  (11)  Theoretical, 
without  hydration;  (111)  Theoretical,  with 
complete  hydration. 


FREEZING  POINT  *C 
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PINACOL 

Pi  nacone 

2, 3-Dimefhyl-2, 3-BufanedIol 

Teframethylet’hylene  Glycol  HOC(CH2)2  ’ C(CH2)20H 

Table  7.93:  Physical  Properties  of  PInacol  (32) 


Boiling  point  at  760  mm.  Hg 
Melting  point 
Molecular  weight 


174.4“  C 
41.1’  C 
118,17 


The  Hexahydrate 


Melting  point 
Specific  gravity,  d** 


45.4“  C 

0.967  (supercooled  liquid) 


2.2-DIETHYL-1 ,3-PROPANEDIOL 

H0CH2C(C2H5)2CH20H 

Table  7.94:  Physical  Properties  of  2,2-Dlethyl-1,3-Propanedlol  (32) 


Boiling  point  at  10  mm,  Hg  125*  C 

Freezing  point  61.3“  C 

Molecular  weight  132.20 

Solubility  in  water  at  20*  C 25%  by  wt. 

Specific  gravity  (apparent)  at  20“  C 1,052 


2-ETHYL-1 ,3-HEXANEDIOL 

Ethohexodial 

Octonediol  HOCH2CH(C2H5)CHOHC3H7 

Table  7.95:  Physical  Properties  of  2-Ethyl-1,3-Hexanedlol  (32) 


Acidity  as  acetic  acid 
Boiling  point  at  760  mm.  Hg 
Color,  Pt-Co 
Distillation  range 
Flash  point,  open  cup 
Freezing  point 
Molecular  weight 
Refractive  index,  20*  C,  no 
Solubility  in  water,  20*  C 
Solubility  of  water  in,  20“  C 
Specific  gravity,  20/20“  C 
Suspended  matter 
Vapor  pressure,  20“  C 
Viscosity,  20“  C 

Weight  per  gallon  (average),  20“  C 


0.01%  by  wt..  max. 

243.1“  C 
15.  max. 

241  to  249“  C 
265“  F 

Sets  to  glass  below  -40“  C 
146.22 

I. 4511 
4.2%  by  wt. 

II. 7%  by  wt. 

0.9422 

Substantially  free 
Less  than  0.01  mm.  Hg 
323  cp. 

7.83  lb. 
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2,5-DIMETHYL-3-HEXYNE-2,5-DIOL 

CH3  CH3 

I 1 

Dimethyl  Hexynediol  CH3  - C-  C=  C-  C-  CH3 

I I 

OH  OH 


Table  7.96:  Physical  Properties  of  2,5-Dimethyl-3-Hexyne-2,5-diol  (32) 


Boiling  point 
Freezing  point 
Surface  tension  at  25*  C 
5%  in  water 
0.1%  in  water 
0.01%  in  water 


205-6"  C 
94-5*  C 

41.2  dynes/cm. 

60.9  <fynes/cm. 

66.9  dynes/cm. 


1 ,4-CYCLOHEXANEDIMETHANOL 

CHjOH  H CH.OH 


"^HjOH  HOHjCr' 


cis-isomer  trans-isomer 

Table  7.97:  Properties  of  1,4-Cyclohexanedlmethanol 


(approx.  70%  trans-,  30%  cis-isomers) 


Empirical  formula 

C|H„Oi 

Specific  gravity 

Molecular  weight  (calcd. ) 

144.21 

Liquid: 

Equivalent  weight 

72.1 

25V4*C.  (super-cooled) 

1.026 

Crystallization  point,  *C. 

35 

50V4*C.  (super-cooled) 

1.010 

Pour  point,  *C,  (super-cooled) 

10 

100*/4*C.  (molten) 

0.978 

Melting  point,  *C. 

41-61 

150V4*C. 

0.946 

cis  Isomer 

43 

200V4"C. 

0.914 

trans  Isomer 

70 

Solid: 

Bolling  point,  *C. 

27V4*C. 

1.  069 

760  mm. 

285 

Density 

100  mm. 

216 

Liquid,  lb. /gal.: 

10  mm. 

160 

70*F.  (super-cooled) 

8.59 

1 mm. 

118 

100*F.  (super-cooled) 

8.  49 

cis  isomer 

288 

200*F. 

8.20 

trans  isomer 

284 

300*F. 

7.90 

400*F. 

7.  60 

Solid,  70*F. , lb.  /cu.  ft. 

66.74 

(continued) 
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Table  7.97:  (continued) 


Acid  number 

<0.03 

Hydroxyl  number 

22.89 

Saponification  number 

0.91 

Refractive  index,  n|®  (super-cooled) 

1.4893 

Flash  point,  Cleveland  Open  Cup,  "F. 

165 

Fire  point,  Cleveland  Open  Cup,  *F. 
Solubility,  25*C.  , wt.  % 

255 

in  water 

miscible 

water  in 

miscible 

in  methanol 

miscible 

in  ethanol 

miscible 

in  diethyl  ether 

2.5 

in  VM  & P naphtha 

<1 

in  benzene 

<1 

in  acetone 

56.4 

Heat  capacity,  (eatd. ) 


Liquid:  Temp. , *C. 

C , B.t.u 
v 

,/lb.  *F.  Cp.  B.t.u. /lb. 

50 

0. 

505  0.648 

100 

0. 

553  0.716 

150 

0. 

609  0.794 

200 

0. 

669  0. 877 

Solid:  C , B.t.u. /lb.  *F. 
P 

(estd.  ) 

0.410 

Thermal  Conductivity  (estd. ) 

Vapor:  Temp. , 

*C. 

k,  B.t.u. /hr.  ft.  *F. 

50 

0. 00602 

100 

0,00772 

150 

0.00960 

200 

0.01229 

Liquid:  Temp. , 

k,  B.t.u. /hr.  ft.  *F. 

50 

0.1118 

100 

0. 1229 

150 

0. 1280 

200 

0. 1311 

Critical  temperature,  T^,  *C.  (estd.) 

cis  Isomer 

457 

trans  Isomer 

451 

Critical  pressure,  P^,  atm.  (estd.) 

34.85 

Critical  volume,  V^,  cu.  ft. /lb.  (estd.) 

0.0506 

Viscosity:  Temp. . *F. 

cs. 

S.U.S. 

75 

1421.6 

6568 

100 

478.1 

2209 

125 

183.4 

847 
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p-XYLYLENE  GLYCOL 


co,co'-Dihydroxy-p-Xylene 


HOH2C 


CH2OH 


Table  7.98:  Physical  Properties  of  p-Xylylene  Glycol  (32) 


Chlorine  (total)  0.6%  max. 

Flash  point  (Cleveland  open  cup)  370®  F 

Molecular  weight  138.16 

Purity  95%  min. 

Set  point  115-117.6®  C 

Specific  gravity  at  117®  C 1.100 

Toluene  insolubles  0.5%  max. 


2-ETHYL-2-BUTYL-1 ,3-PROPANEDIOL 

H0CH2C(C2H5)(C4H9)CH20H 


Table  7.99:  Physical  Properties  of  2-Ethyl-2-Butyl-1,3-Propanedlol  (32) 


Boiling  point  at  100  mm.  Hg  195®  C 

Melting  point  41.4®  C 

Molecular  weight  160.25 

Solubility  in  water  at  20"  C 0.8%  by  wt. 

Specific  gravity  (apparent)  at  50/20®  C 0.931 


3,6-DIMETHYL-4-OCTYNE-3,6-DIOL 


Dimethyl  Octynediol 


CH3 

CH3  - CHj  - C - C - C ~ 
OH 


1 

C - CH2 
I 

OH 


Table  7.100:  Physical  Properties  of  3,6-Dlmethyl-4-Octyne-3,6-dlol  (32) 


Boiling  point  at  20  mm.  Hg 
Freezing  point 
Surface  tension  at  25®  C 
5%  in  water 
0.1%  in  water 
0.01%  in  water 


135®  C 
55.6®  C 

30.7  dynes/cm. 
55.3  dynes/cm. 
63.9  dynes/cm. 


- CHj 
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THIODIGLYCOL 


ThJodiefhylene  Glycol 

$ '-Dihydroxyefhyl  Sulfide  HOCH2CH2-S-CH2CH2OH 


Table  7.101:  Physical  Properties  of  Thiodiglycol  (32) 


Acidity 

1.0  mg.  KOH/g.  sample,  max. 

Heat  of  vaporization  at  1 atm. 

Boiling  point  at  760  mm.  Hg 

283*  C 

Molecular  weight 

50  mm.  Hg 

194*  C 

Refractive  index  at  20*  C n*, 

A Boiling  point/A  p 

0.055*  C/mm.  Hg 

Specific  gravity 

Color  (Pt-Co) 

200  max. 

A Sp.  Gr./A  t 

Coefficient  of  expansion  at  55*  C 

0.00061/*  C 

Vapor  pressure  at  20*  C 

Flash  point  (open  cup) 

320*  F 

Viscosity  at  20*  C 

Freezing  point 

-10*  C 

Weight  per  gallin  at  20*  C 

at  15.56*  C 

235  Btu/lb. 

122.19 

1.5217 

1.1847 

0.00072 

Less  than  0.01  mm.  Hg 

65.2  cp. 

9.85  lb. 

9.88  Ib. 


Table  7.102:  Vapor  Pressure  of  Thiodiglycol  at  Various  Temperatures  (19) 
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MISCELLANEOUS  GLYCOLS 

Table  7.103:  Hydrates  of  Aliphatic  Glycols  (32) 


Glycol 

Hydrate 

Number 
of  C 
Atoms 

Name 

Skeletal 

Structural 

Formula 

M.p. 

(’C) 

M.p. 

CO 

n in 

R(0H>2  X nH2  0 

2 

Ethylene  glycol 

HO-C-C-OH 

-12.9 

-49.6 

(cong.) 

2 

2 

Ethylene  glycol 

HO-C-C-OH 

-12.9 

-40,7 

0.67 

4 

meso-2 , 3 -Butane- 
dlol 

HO  OH 
t 1 

c-c-c-c 

34.4 

16.6 

6(5)T 

4 

±2,3-Butaoediol 

HO  OH 
t t 

C-C-C-C 

7.6 

0 

5 

2 -Me  thy  1-2,3 - 
butanediol 

HO  OH 

1 1 

C-C-C-C 

1 

c 

liq. 

23.5-4 

6 

HO  OH 

6 

Pinacol 

C-C-C-C 

41.4 

41.25 

1 

C C 

HO  OH 

6 

Plnacol 

C-C-C-C 
1 1 

41.4 

46.5 

6 

1 1 
c c 

8 

2, 5-Dl  methyl-2, 5- 
hexanediol 

HO  OH 

1 1 

C-C -C-C-C-C 
1 1 

c c 

92 

41-2 

6 

9 

2,6-Dimethyl-2.6- 

heptanediol 

HO  OH 

1 1 

C-C-C -C-C-C-C 
1 1 

c c 

76-77 

60-61 

1 

10 

2,7-Dlmethyl-2,7- 

octanediol 

HO  OH 

1 1 

C-C-C-C -C-C-C-C 
1 1 

c c 

92 

59 

2 

13 

2. 10- Dimethyl - 

2.10- undecanediol 

HO  OH 

1 \ 

c-c-ccccccc-(j:-c 

c c 

61 

? 

14 

2.11- Dime  thyl- 

2.11 - dodecanediol 

HO  OH 

1 t 

c-c-cccccccc-c-c 
c:  <!: 

67.5 

— 

? 

t5H|0  (50%  H]  O)  has  been  assigned.  The  maximum  of  the  very  flat  freezing  point  curve  has  been  found  at  55%  H]0,  no 
formula  being  assigned.  This  composition  agrees  excellently  with  6H]  O which  requires  54.5%  O. 
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Table  7.104:  Hydrates  of  Cyclic  Glycols  (32) 


Glycol 


Number  Skeletal 

of  C Name  Structural 

Atoms  Formula 


9 


10 


10 


10 

10 


10 


10 

10 


10 


10 


trans-Octa- 

hydroindan-8,9- 

diol 


trans-Decahydro- 

naphthalene-9»10- 

diol 

cis-Decahydro- 

naphthalene-9,10- 

ciol 

trans-p-Menth- 
8 (9)  -ene-l,2-diol 

cis-p-Menth- 
8(9)  -ene- 
1,2-diol 


cis(?)-p”Menth- 
1 (2)  -ene-3,6-diol 


cis-Terpint 


trans-Terpint 


p-Menthane-2,5- 

diol 


p-Menthane-r,2- 

diol 


73-4 


Hydrate 


M.p. 

(”C) 


M.p. 

rc) 


n in 

R(OH)a  X nHjO 


96 


1.0? 


89.5 


Unknown 


73 


27 


105 


121 


156-8 


3 


52 


3 <1  1 


p-Menthane-2,8- 
diol  (neoiso- 
dihydrocarveol 
hydrate) 


93-4 


65-75 


Unknown 


t Subject  of  crystallographic  studies. 

tStelzner's  Liter atur  Register  1919-21  reports  the  formation  of  a hydrate  and  cites  O.  Aschan,  "Bidrag  till  kannedon  af 
Finlands  natur  ochfolk/'  77,  No.  1 (1918).  The  report  appears  to  be  without  foundation. 


(continued) 
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Table  7.104:  (continued) 


Glycol 


Number 
of  C 
Atoms 


Name 


Skeletal 

Structural 

Formula 


M.p. 

(“O 


Hydrate 

M.p.  n in 

(“O  R(0H)2  X nH^O 


29 


38 


(+)-Carene-^- 
glycol  or  3,4- 
Carane-diol 
(trans-2.3- 
dihydroxy -3,7,7 - 
trimethyl- 
bicyclo -0,1,4- 
heptane) 


Homoterpin 


iso  (^) -Hydro - 
benzoin 


Dihydrodi- 

carveol 


3,3 '-Dihydroxy - 
3,3•-diphenyl- 
2,2*-spiro- 
biindan 


3,3'-Dihydrojq?- 
3,3' -dibenzyl - 
2,2'-spiro- 
biindan 


or-s-2,2'- 

Diphenylbenzo- 

pinacol 

0 -s-2,2'- 
Diphenyl- 
benzopinacol 


Me 


HO 

HO 


CMej 


c~c  , ^ . 

>0^ 

HO  HO 

PhCHOHCHOHPh 


c c' 

PhHjC'^  'oh  ho  \HjPh 


90-91 


75-6 


166 


164 


169 


96 


100 


134 


Unknown 


1 & 3 


Table  7.105:  Freezing  Points  of  Aqueous  Ethylene  Glycol  and  Propylene  Glycol  Solutions  (42) 


PERCENT  GLYCOL  3Y  WEIGHT 
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Table  7.106:  Freezing  Points  of  Various  Aqueous  Glycol  Solutions,  "C  (32) 


Glycol, 

% 

1,2- 

Pro- 

pane* 

diol 

1,3- 

Pro- 

pane- 

diol 

1,2- 

Bu- 

tane- 

diol 

1,3- 

Bu- 

tane- 

diol 

levo- 

2,3- 

Bu- 

tane- 

diol 

1,4- 

Bu- 

tane- 

diol 

1,2- 

Pen- 

tane- 

diol 

1,5- 

Pen- 

tane- 

diol 

10 

-3. 12 

-2.86 

-2.60 

-2.34 

-3.1 

-2.30 

-2.3 

-2.3 

20 

-7,6 

-6.5 

-6.0 

-5.2 

-7.1 

-5.48 

-4.8 

-4.9 

30 

-14,0 

-11.8 

-11.0 

-10.5 

-12.4 

-10.0 

-6.8 

-8.4 

40 

-22.7 

-18.8 

-16.5 

-16.8 

-19.4 

-14.8 

-8.4 

-11.3 

50 

-34.5 

-27.7 

-22.4 

-25.2 

-29.6 

-22.0 

-10.2 

-15.3 

60 

-48.2 

-40.0 

-29.0 

-35.3 

-40.4 

-31.3 

-12.6 

-21.0 

Table  7.107:  Freezing  Points  of  Various  Aqueous  Alcohols,  Glycols  and  Glycerol  (32) 


Solute 

by 

Weight, 

% 

Methanol 

Ethanol 

Ethylene  Glycol 

Glycerol 

levo- 

2,3-Butanediol 

F.p. 

Ob- 

served, 

"C 

F.p. 

Calcu- 

lated, 

“C 

F.p. 

Ob- 

served, 

"C 

F.p. 

Calcu- 

lated, 

'’C 

F.p. 

Ob- 

served, 

°C 

F.p. 

Calcu- 

lated, 

"C 

F.p, 

Ob- 

served, 

"C 

F.p, 

Calcu- 

lated. 

"C 

F.p. 

Ob- 

served, 

“C 

F.p. 

Calcu- 

lated, 

“C 

10 

-6.3 

-6.46 

-4,5 

-4.49 

-3.6 

-3.33 

-2.0 

-2.25 

-3.1 

-2.30 

20 

-15.3 

-14.5 

-10.5 

-10.1 

-8.3 

-8.27 

-5.2 

-5.05 

-7.1 

-5.17 

30 

-26.3 

-24.9 

-20.0 

-17.3 

-14.7 

-12.9 

-9.9 

-8,67 

-12.4 

-8.85 

40 

-39.7 

-38.8 

-29.4 

-27.0 

-23.5 

-20,0 

-15.9 

-12.0 

-19.4 

-14.3 

50 

-55.2 

-58.1 

-37.0 

-40.4 

-35.0 

-30.0 

-24.6 

-20.2 

-29.6 

-20.7 

60 

-43.8 

-60.7 

-50 

-45.0 

-37.9 

-30.3 

-40.4 

-31.0 

Table  7.108:  Compatibility  of  Coupling  Solvents  with  Carbon  Tetrachloride  and  Water  (14) 


SURFACE  TENSION, DYNES  PER  CENT 
CENTIMETER  AT  25»C. 


VISCOSITY  IN  CENTISTOKES 
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Table  7.112:  Viscosity  of  Glycols  (32)  Table  7.113:  Water  Absorption  by  Glycols  as  a 

Function  of  Time  (14) 


.»  .10  +»  +»  +J0  +70  +M  +110  +l»  +IJ0  +W>  +t00  +■» 

TIMOtlAnM.  DCCUtS  fAMIMHflT 


Table  7.115:  Refractive  Index,  Specific  Gravity, 
and  Bolling  Point  Measurements 
of  Various  Glycols  (32) 


Table  7.114:  Water  Absorption  by  Glycols  as  a 
Function  of  Relative 
Humidity  (14) 


Compound  Refractive  Index  Specific  Gravity.  Boiling  Point, 

^ d*,  °C.,  760  mm. 


1,2 -Propanediol 

25°C. 

1.4316 

1.4313^ 

(IV) 

23®C. 

1.0354 

(IV) 

187  (17) 
186^ 

20°C. 

1.4331 

(14) 

20  °C. 

1.0364 

(14) 

1.4324^ 

1.0361^ 

1,3 -Propanediol 

25°C. 

1.4385 

(IV) 

20°C. 

1.0538 

(IV) 

215  (17) 

21°C. 

1.  4380'^ 
1.4394 

1.0529^ 

213.5^ 

(IV) 

20  °C. 

1.4389^ 

1, 2-Butanediol 

20°C. 

1.4378^ 

20  °C. 

I.OO24I 

190.5^ 

1,3-Butanediol 

25°C. 

1.4410 

(IV) 

20®C. 

1.0053 

(17) 

207.5  (17) 

1.4391 

(12) 

1.0035 

(12) 

208  (2) 

1.  4388^ 

1.002 

(2) 

207^ 

20®  C. 

1.4404 

1.4398^ 

(2) 

1.003V1 

1,  4-Butanediol 

20®  C. 

1.4467 

(10) 

20®C. 

1.0171 

(10) 

230  (2) 

1.4459 

(2) 

1.0160 

(2) 

1.4460^ 

1.0185^ 

228^ 

1,2-Pentanediol 

24®  C. 

1.4390 

(16) 

24®C. 

0.9691 

(16) 

210  (16) 

25®  C. 

1.4380t 

20®  C. 

1.4390^ 

20®C. 

0.  9723^ 

206^ 

1,  5-Pentanediol 

26®  C. 

1.4480 

(16) 

26®C. 

0. 9890 

239  (16) 

25®  C. 

1.4484^ 

0.9914^ 

238^ 

20®  C. 

1.4500^ 

20®C. 

^Authors'  observations. 

*As  cited  in  the  fifth  and  earlier  editions  of  Getman  and  Daniels'  Outlines 
of  Physical  Chemistry,  John  Wiley  and  Sons  Inc.,  New  York,  1931. 
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Table  7.116:  Relative  Solvent  Properties  of  Glycols  (23) 


S - Completely  Soluble 
I » Insoluble 

< » Lest  Than  Ethylene 

> * Greater  Than  Glycol 

Benzene 5.7 

Carbon  Tetrachloride^  6.2 

Dibutyl  Phthalate 0.5 

Dichloroethyl  Ether' 10.6 

Diethanolarnine' S 

DOWANOL*  PM  Glycol  Ether' S 

DOWANOL*  DPM  Glycol  Ether'  ...  S 

Ethyl  Alcohol S 

Ethyl  Ether 8.2 

Methyl  Alcohol S 

Methyl  Isobutyl  Carbinol S 

Methyl  Jsobutyl  Ketone  12 

Monochlorobenzene' 5 7 

Monoethanolamine'  S 

ortho-Dichlorobenzene' 4.5 

Perchloroethylene'  0.7 

Phenol' S 

Styrene'  3.4 

Toluene 2.9 

Urea 48 

Castor  Oil 1 

Coconut  Oil 1 

Cottonseed  Oil 1 

Hydrous  Wool  Fat <0.5 

Lard  OH 1 

Linseed  Oil  1 

Oiticica  Oil <1 

Olive  Oil  1 

Pine  Oil S 

Soya  Bean  Oil 1 

Sperm  Oil 1 

Tall  Oil  <1 

Tung  Oil 1 

Turkey  Red  Oil <1 

Paraffin  Oil  1 

SAENo.  lOOil  1 

VMP  Naphtha <1 

Animal  Glue  (Dry)  <0.5 

Dextrin  <1 

Gum  Damar <0.5 

Kauri  Gum <0.5 

Sudan  III <0.5 

Shellac  <0.5 


' Product  of  The  Dow  Chemical  Company 

’Forms  stable  emulsion  from  (his  concentration  to  100%. 

’Becomes  too  viscous  to  stir  beyond  16%. 

* Trademark  of  The  Dow  Chemical  Company 


Tri- 

Oi- 

Tri- 

ethyl- 

Tetra- 

Propyl- 

propyl- 

propyl- 

ene 

ethylene 

ene 

ene 

ene 

Glycol 

Glycol 

Glycol 

Glycol 

Glycol 

S 

S 

19.2 

S 

s 

33.6 

62 

23.4 

S 

S 

16.5 

S 

8.1 

S 

S 

S 

S 

37.1 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

16.9 

20 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

22.5 

S 

S 

S 

S 

S 

S 

S 

s 

S 

19.4 

S 

S 

15.0 

19.0 

14.5 

S 

s 

S 

S 

S 

S 

s 

S 

S 

15 

S 

s 

24.8 

89 

12.3 

s 

s 

37 

28 

29 

12 

10 

<0.5 

<1 

0.8 

s 

s 

1 

<1 

1 

1 

3 

1 

<1 

1 

1 

<1 

<0.5 

<1 

<0.5 

<0.5 

<1 

1 

<1 

1 

1 

<1 

1 

<1 

1 

1.4 

2.5 

<1 

<1 

<1 

<1 

<1 

1 

<1 

1 

0.7 

1.5 

S 

S 

S 

S 

S 

1 

<1 

1 

1 

<1 

1 

<1 

1 

1 

<1 

<1 

<1 

<1 

S 

S 

1 

<1 

1 

1 

<1 

1* 

12 

<12 

32 

42 

1 

<1 

1 

1 

<1 

1 

<1 

1 

1 

<1 

<1 

1 

1 

10 

14 

<0-5 

<1 

<0.5 

<0.5 

<1 

<1 

<1 

<1 

<1 

<1 

<0.5 

<1 

<0.5 

<0.5 

<1 

<0.5 

>163 

<5 

< 5 

>16* 

<0.5 

<1 

<0.5 

<0.5 

<1 

<0.5 

<1 

<0.5 

<0.5 

<1 

Diethyl- 

ene 

Glycol 

31.3 
26.2 
10.6 

S 

S 

S 

S 

S 

16.3 
S 

S 

S 

S 

S 

48.4 

10.7 

S 

36 

17.2 

30 

<0.5 

1 

1 

<0.5 

1 

1 

<1 

1 

S 

1 

1 

<1 

1 

<1* 

1 

1 

<1 

<0.5 

<1 

<0.5 

<0.5 

<0.5 

<0.5 


Table  7.117:  Effect  of  Various  Glycols  on  Synthetic  Rubber  Samples— Results  Reported 
as  % Volume  and  % Weight  Increase  (23) 


GN427T1  GRS-53115T  FA-Thiokol  Gum  Rubber 


Glycol 

% 

% 

% 

% 

% 

% 

% 

% 

Voi 

Wt 

Vol 

Wt 

Vol 

Wt 

Vol 

Wt 

3 Days  immersion 

Ethylene 

....  -.2 

-.2 

-.1 

-.5 

.5 

.2 

.2 

.2 

Diethylene  

....  -.12 

-.2 

-.1 

-.5 

.3 

.0 

.1 

.0 

Triethylene 

....  -.1 

-.1 

-.1 

-.5 

.5 

.1 

.3 

.1 

Propylene 

....  -.2 

-.2 

.1 

-.3 

.3 

.0 

.2 

.0 

Dipropylene 

....  -.1 

-.2 

.0 

-.5 

.3 

-.1 

.1 

.1 

10  Days  Immersion 

Ethylene 

....  -.2 

-.3 

-.7 

.3 

.2 

.3 

.5 

Diethylene  

....  -.3 

-.3 

-.2 

-.8 

.3 

.0 

-.2 

.0 

Trlethylene 

0 

-.1 

-.1 

-.6 

.6 

.3 

.0 

.1 

Propylene 

....  -.1 

-.1 

-.3 

-.7 

.0 

-.1 

-.1 

.0 

Dipropytene 

1 

-.2 

-.1 

-.6 

.1 

-.2 

.0 

.1 
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Table  7.118:  Solubility  of  Cellulose  Derivatives  in  Glycols  (23) 


Glycol 

Ethylene  . . . 
Diethylene  . 
Triethylene . 
Propylene . . 
Dipropyiene 


60  CPS.  ST.  E/C 

insoluble 

insoluble 

Insoluble 

insoluble 

Insoluble 


% Second  Celtuloffl 
Nitrite 

Swelled 
>20%  Soluble 
>20%  Soluble 
Swelled 
>20%  Soluble 


CelluloM  Aoetste 
FM3 

Insoluble 

insoluble 

Insoluble 

Insoluble 

Insoluble 


Table  7.119:  Compatibility  of  Film  Cast  from  80/20  Toluene/Alcohol  (23) 


Glycol 

60  CPS.  ST.  E/C 

H Second  Cellulose 
Nitrate 

Cellulose  Acetate 
FM3 

Clear 

Haze  Opaque 

Clear 

Haze 

Opaque 

Clear 

Haze  Opaque 

Ethylene 

1% 

3%  10% 

3% 

5% 

10% 

>10 

20  _ 

Diethylene  . . . 

1% 

3%  10% 

1% 

5% 

10% 

>20 

30  _ 

Triethylene . . . 



1%  3% 

1% 

3% 

15% 

>20 

30  _ 

Propylene 

1% 

3%  10% 

1% 

3% 

10% 

>10 

20  _ 

Dipropyiene  . . 

20% 

25%  30% 

>50% 

- 

- 

>40 

60  _ 

Note:  Table  shows  % glycol  in  film  with  the  properties  shown. 

Table  7.120:  Relative  Humectant  Valuee  (23) 


Relative  Humiditiei 


Temperature 
of  Air'F 

Glycol 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

Ethylene 

97.5 

93.4 

89.3 

85.7 

82 

78 

72 

63 

48 

Diethylene 

97.8 

95.1 

92.0 

89.0 

86 

83 

78 

68 

52 

20 

Triethylene 

98.5 

96.8 

94.0 

91.1 

89 

83 

78 

66 

51 

(-6.7*0 

Propylene 

96.8 

91.4 

90.0 

84.6 

77 

73 

68 

55 

40 

Dipropyiene 

98.5 

97.0 

95.1 

92.6 

89 

65 

79 

67 

51 

Ethylene 

97.3 

93.2 

89.1 

85.4 

82 

76 

69 

60 

42 

Diethylene 

97.7 

95.0 

92.0 

89.0 

86 

62 

77 

67 

50 

40 

Triethylene 

98.4 

96.5 

93.8 

91.0 

68 

83 

77 

65 

51 

(4.4*0 

Propylene 

97.0 

92.3 

90.2 

85.2 

78 

74 

68 

55 

40 

Dipropyiene 

98.4 

96.9 

95.0 

92.5 

69 

65 

79 

67 

51 

Ethylene 

97,1 

93.0 

88.9 

85.0 

81 

75 

66 

57 

37 

Diethylene 

97.7 

95.0 

92.0 

89.0 

86 

82 

76 

68 

46 

60 

Triethylene 

98.2 

96.2 

93.6 

90.8 

66 

82 

77 

65 

50 

(15.6*0 

Propylene 

97.1 

92.9 

90.4 

85.8 

80 

74 

66 

55 

40 

Dipropyiene 

98.4 

96.8 

94.8 

92.4 

89 

65 

79 

67 

51 

Ethylene 

96.8 

92.8 

88.6 

84.7 

80 

73 

84 

55 

36 

DIethylene 

97.6 

94.9 

92.0 

89.0 

85 

61 

75 

65 

47 

60 

Triethylene 

98.1 

96.0 

93.4 

90.7 

65 

62 

76 

64 

50 

(26.7*0 

Propylene 

97.1 

93.5 

90.5 

88.3 

61 

75 

68 

55 

40 

Dipropyiene 

98.3 

96.7 

94.7 

92.3 

89 

65 

79 

67 

51 

Ethylene 

96.6 

92.7 

88.4 

84.3 

79 

72 

83 

53 

35 

Diethylene 

97.6 

94.8 

92.0 

89.0 

85 

61 

74 

64 

46 

100 

Triethylene 

98.0 

95.7 

93.2 

90.6 

64 

62 

76 

64 

49 

(37.8*0 

Propylene 

97.2 

93.9 

90.6 

86.6 

82 

75 

68 

55 

40 

Dipropyiene 

98.3 

96.6 

94.6 

92.1 

69 

85 

79 

67 

51 

Ethylene 

96.4 

92.5 

88.2 

84.0 

78 

71 

62 

51 

34 

Diethylene 

97.6 

94.8 

92.0 

89.0 

85 

60 

73 

83 

45 

120 

Triethylene 

97.8 

95.4 

93.0 

90.5 

83 

62 

75 

63 

49 

(48.9*  C) 

Propylene 

97.2 

94.3 

90.7 

86.7 

83 

78 

66 

55 

40 

Dipropyiene 

98.2 

96.5 

94.5 

92.0 

69 

65 

79 

67 

51 

Note:  Values  are  given  as  the  percent  by  wetght  of  glycol  in  water  solution  required  to  maintain  equiitbnum  In  contact 
with  air  of  various  temperatures  and  humidities. 


Water  Vapor  Dew  Point,  Degrees  Fahrenheit  ^ Water  Vapor  Dew  Point,  Degrees  Fahrenheit 


Table  7.121:  Water  Vapor  Dew  Points  Over  Aqueous  Ethylene 
Glycol  Solutions  (23) 

Degrees  Centigrade 


Solution  Temperature,  Degrees  Fahrenheit 


Degrees  Centigrade 


Water  Vapor  Dew  Point,  Degrees  Fahrenheit 


Table  7.122:  Water  Vapor  Dew  Points  Over  Aqueous  DIethylene 
Glycol  Solutions  (23) 


Table  7.124:  Water  Vapor  Dew  Points  Over  Aqueous 
Propylene  Glycol  Solutions  (23) 

Degrees  Centigrade 

0 ?0  4 0 60  BO  100  120  MO  160 

200 
180 
160 
140 
120 
1W 
80 
60 
40 
20 
0 

20  40  60  80  100  120  140  160  180  200  220  240  260  280  300  320 

Solution  Temperature,  Degrees  Fahrenheit 
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Total  Pressure,  mm  Hg  J Water  Vapor  Dew  Point,  Degrees  Fahrenheit 


Table  7.125:  Water  Vapor  Dew  Points  Over  Aqueous 
DIpropylene  Glycol  Solutions  {23) 


Degrees  Centigrade 


20  40  60  80  100  120  140  160  180  200  220  240  260  280  300  320 

Solution  Temperature,  Degrees  Fahrenheit 


Degrees  Centigrade 


Total  Pressure,  mm  Hg 


Table  7.126:  Boiling  Points  of  Glycols  at 
50  mm  Hg  {23) 

Water lOO'^F  (37.0'’C) 

Ethylene  Glycol  250'" F (125.5'' C) 

Diethylene  Glycol  330*  F (170^’C) 

Triethylene  Glycol 307*  F (197,2°C) 

Tetraethylene  Glycol ....  453*  F (233.9°  C) 

Propylene  Glycol 240' F (11 5.6°  C) 

DIpropylene  Glycol 307*  F (152.0°C) 

Tripropylene  Glycol  ...  356*  F (10O°C) 


Table  7.128:  Total  Pressure  Over  Aqueous  Diethyiene 
Glycol  Solutions  vs  Temperature  (23) 


Degrees  Centigrade 

n 20  40  60  80  100  120  140  160  180  200  2 20  240 


32  40  60  80  100  120  140  160  180  200  240  280  320  360  400  440  480 

Temperature,  Degrees  Fahrenheit 
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Total  Pressure,  mm  Hg 
S 8 ISS  S88  S §§  §§i 


Table  7.129:  Total  Pressure  Over  Aqueous  Triethylene  Glycol 
Solutions  vs  Temperature  (23) 


Table  7.130:  Total  Pressure  Over  Aqueous  Propylene  Glycol 
Solutions  vs  Temperature  (23) 


Degrees  Centigrade 


I 

E 

E 


Degrees  Centigrade 


1000 

800 

600 


400 

300 

200 


20  ^ 


Table  7.131:  Total  Pressure  Over  Aqueous  Dipropylene  Glycol 
Solutions  vs  Temperature  (23) 
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Temperature,  Degrees  Fahrenheit 


Table  7.132:  Vapor-Liquid  Composition  Curves  for  Aqueous 
Ethylene  Glycol  Solutions  (23) 


Mole  Fraction  Ethylene  Glycol 


Degrees  Centigrade 


Temperature.  Degrees  Fahrenheit 


Table  7.133:  Vapor-Liquid  Composition  Curves  for  Aqueous 
DIethylene  Glycol  Solutions  (23) 
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Table  7.135:  Vapor-Liquid  Composition  Curves  for  Aqueous 
Propylene  Glycol  Solutions  (23) 
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Temperature,  Degrees  Fahrenheit 


Table  7.136:  Vapor-Liquid  Composition  Curves  for  Aqueous 
Dipropylene  Glycol  Solutions  (23) 


Mole  Fraction  Dipropylene  Glycol 


Degrees  Centigrade 


Viscosity,  Centipoises 


Table  7.137:  Pour  Points  of  Glycols  {23) 


Ethylene  Glycol  <-75“F  (-59"C) 

Oiethyiene  Glycol -65°F  (-54'C) 

Triethylene  Glycol  ....  -73'F  (-58’C) 

Tetraethylene  Glycol . . -42“F  (-41  “C) 

Propylene  Glycol  .....  -71“F  (-57X) 

Dipropylene  Glycol  .. . -38'F(-39°C) 

Tripropylene  Glycol . . . -42“F  (-41*’C) 


Table  7.138:  Viscosities  of  Anhydrous  Glycols  (23) 

Degrees  Centigrade 


Temperature,  Degrees  Fahrenheit 
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viscosity,  Centipolsos 


Table  7.139:  Viscosities  of  Aqueous  Ethylene  Glycol 
Solutions  {23) 


Degrees  Centigrade 


Temperature,  Degrees  Fahrenheit 


Viscosity,  Centipoises 


Table  7.140:  Viscosities  of  Aqueous  Diethylene  Glycol 
Solutions  {23) 


Degrees  Centigrade 


-100  - 50  0 so  100  ISO  200 


Temperature,  Degrees  Fahrenheit 


Viscosity,  Centipoises  ^ Viscosity.  Centipoises 
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Table  7.141:  Viscosities  of  Aqueous  Triethylene  Glycol  Table  7.142:  Viscosities  of  Aqueous  Tetra- 
Solutlons  (23)  ethylene  Glycol  Solutions  (23) 

Degrees  Centigrade 


Temperature.  Degrees  Fahrenheit 


ble  7.143:  Viscosities  of  Aqueous  Propylene 


Glycol  Solutions  (23) 


Table  7.144:  Viscosities  of  Aqueous  DIpropylene 
Glycol  Solutions  (23) 


i poises 


Table  7.145:  Viscosities  of  Aqueous  Tripropylene 
Glycol  Solutions  (23) 


Degrees  Centigrade 


40 

30 


Specific  Heat,  Btu/lb/”  Fahrenheit 


Table  7.146:  Freezing  Points  of  Aqueous  Glycol  Solutions  (23) 


Glycol,  Weight  Percent 


Table  7.147:  Specific  Heat  of  Anhydrous  Glycols  (23) 


Degrees  Centigrade 

-10  10  30  50  70  90 


Temperature.  Degrees  Fahrenheit 
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Table  7.148:  Specific  Heats  of  Aqueous  Glycol  Solutions 
(Btu/lb/°F)  (23) 


^ Glycol,  % by  Weight 

Tamp.  F Tamp,  C 


100 

80 

60 

40 

20 

10 

ETHYLENE 

GLYCOL 

60 

.563 

.660 

757 

855 

940 

976 

156 

80 

576 

673 

769 

864 

942 

977 

267 

100 

590 

.685 

780 

872 

.944 

978 

37  8 

120 

604 

.697 

792 

880 

946 

979 

48  9 

140 

618 

710 

,803 

888 

,948 

980 

60  0 

160 

632 

722 

.814 

896 

950 

981 

71  1 

180 

646 

735 

825 

905 

952 

982 

82  2 

200 

660 

748 

.837 

.914 

954 

,982 

93  3 

220 

674 

761 

849 

922 

956 

983 

104  4 

240 

688 

774 

861 

930 

.958 

984 

1155 

DIETHYLENE 

GLYCOL 

60 

.543 

631 

736 

849 

922 

.949 

156 

80 

555 

645 

749 

855 

927 

954 

26  7 

100 

565 

659 

762 

861 

.932 

960 

378 

120 

575 

672 

774 

868 

937 

965 

48  9 

140 

583 

.686 

787 

874 

943 

,970 

60  0 

160 

593 

700 

800 

.880 

.948 

975 

71  1 

180 

603 

.714 

.813 

886 

.954 

980 

822 

200 

613 

.728 

826 

.893 

960 

985 

93  3 

220 

623 

742 

839 

.900 

965 

990 

104  4 

240 

634 

756 

852 

907 

971 

995 

1155 

TRIETHYLENE  GLYCOL 

60 

525 

.637 

.749 

866 

935 

979 

156 

80 

534 

64B 

758 

,872 

938 

980 

26  7 

100 

540 

659 

768 

.878 

,941 

981 

378 

120 

550 

669 

.777 

.864 

944 

981 

48  9 

140 

562 

.680 

787 

.890 

.946 

982 

60  0 

160 

569 

.690 

796 

.895 

949 

983 

71  1 

180 

577 

701 

806 

.901 

952 

.984 

82  2 

200 

586 

711 

.815 

907 

955 

.985 

93  3 

220 

595 

.722 

.825 

.913 

.957 

.985 

104  4 

240 

605 

782 

834 

.919 

.960 

.986 

115  5 

PROPYLENE  GLYCOL 

60 

587 

.687 

.795 

,900 

.970 

-985 

15  6 

80 

.603 

.702 

.808 

.907 

.972 

986 

26  7 

100 

.619 

.717 

.821 

.913 

975 

.988 

37.8 

120 

635 

733 

.833 

.919 

.977 

990 

489 

140 

651 

.748 

846 

.925 

980 

.991 

60  0 

160 

667 

.763 

.857 

.930 

983 

.992 

71  1 

180 

683 

.778 

.871 

.936 

.984 

.994 

82  2 

200 

.699 

.794 

.882 

944 

,987 

.995 

93  3 

220 

.715 

.809 

.895 

.949 

.990 

.996 

104  4 

240 

731 

.824 

907 

.954 

.993 

998 

1155 

DIPROPYLENE  GLYCOL 

60 

570 

687 

.801 

900 

.967 

985 

15  6 

80 

582 

.698 

.810 

905 

,970 

.986 

26  7 

100 

694 

708 

.819 

,910 

972 

988 

37.8 

120 

.606 

718 

828 

.915 

974 

990 

48  9 

140 

618 

728 

836 

920 

976 

,991 

60  0 

160 

.631 

739 

.845 

924 

978 

993 

71  1 

180 

644 

749 

.854 

929 

980 

995 

82  2 

200 

656 

760 

863 

934 

983 

.997 

93  3 

220 

668 

770 

.872 

939 

985 

998 

104  4 

240 

680 

781 

881 

944 

988 

999 

1155 

Density.  Grams  Per  ml 


Table  7.149:  Densities  of  Aqueous  Ethylene  Glycol  Solutions 
(%  by  wt)  (23) 

Degrees  Centigrade 

-40  -30  -20  - 10  0 10  20  30  40  50  60  70  80 

1 1500 

1 1400 

1 1300 

1 1200 

1 1100 

1.1000 

1 0900 

1 0800 

1 0700 

1.0600 

1.0500 

1 0400 

1 0300 

1.0200 

1.0100 

1.0000 

0.9900 

- 40  - 20  0 20  40  60  80  100  120  140  160  180 

Temperature,  Degrees  Fahrenheit 
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Density,  Grams  Per  ml 


Table  7.150:  Densities  of  Aqueous  Diethylene  Glycol 
Solutions  (%  by  wt)  {23) 


Degrees  Centigrade 


Temperature,  Degrees  Fahrenheit 


Pounds  Per  Gallon 


Density,  Grams  Per  ml 
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Density,  Grams  Per  ml 


Table  7.152:  Densities  of  Aqueous  Tetraethylene  Glycol 
Solutions  (%  by  wt)  (23) 


Table  7.153:  Densities  of  Aqueous  Propylene  Glycol 
Solutions  (%  by  wt)  (23) 


Degrees  Centigrade 


Degrees  Centigrade 


Temperature.  Degrees  Fahrenheit 
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Density.  Grams  Per  ml 


Table  7.154;  Densities  of  Aqueous  Dipropylene  Glycol 
Solutions  (%  by  wt)  (23) 


Degrees  Centigrade 


Table  7.155:  Densities  of  Aqueous  Tripropylene  Glycol 
Solutions  (%  by  wt)  (23) 

Degrees  Centigrade 


Table  7.156:  Surface  Tensions  of  Aqueous  Solutions  of 
Glycols  at  77°F  (23) 
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Volume  Percent  Glycol 


Table  7.159:  Conversion  Chart  for  Aqueous  Ethylene 
Glycol  Solutions  (23) 


Refractive  Index  n 


Table  7.158:  Refractive  Indices  of  Aqueous  Glycol 
Solutions  at  77'=F  (25"C)  (23) 


Table  7.160:  Conversion  Chart  for  Aqueous  DIethylene 
Glycol  Solutions  (23) 
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Volume  Percent  Glycol 


1 1 ! 

VOLUME  PERCENT  V 

itfriruT  DromuT 

5 

y 

WtlonI  rcnttril  ~ 

yA 
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Table  7.165:  Conversion  Chart  for  Aqueous  Tripropylene  Glycol  Solutions  (23) 


o 


c 

o 


u. 


o 

2 


Table  7.166:  Freeze  Points  and  Burst  Points  of  Aqueous  Solutions  (23) 


0 10  20  30  40  50  60  70  80  90  100 


Weight  % Glycol 


Note:  It  should  be  remembered  that  the  freezing  points  are  the  temperatures  at  which  the  first  crystals  form, 
and  that  even  below  these  temperatures,  a slushy  solution  exists  which  will  still  flow. 
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Table  7.167:  Solubility  of  Various  Compounds  In  Glycols  (23) 


S = Completely  Soluble 
1 = Insoluble 
< = Less  Than 
> = Greater  Than 

Ethylene 

Glycol 

Diethylene 

Glycol 

Triethylene  Tetraethylene 
Glycol  Glycol 

Propylene 

Glycol 

Dl- 

propylene 

Glycol 

Tri- 

propylene 

Glycol 

Benzene  

5.7 

31.3 

S 

S 

19.2 

S 

S 

Carbon  Tetrachloride’ 

6.2 

26.2 

33.6 

62 

23.4 

S 

S 

Dibutyl  Phthalate 

0.5 

10.6 

16.5 

S 

8.1 

S 

S 

Dichloroethyl  Ether 

10.6 

S 

S 

S 

37.1 

S 

S 

Diethanolamine’ 

S 

S 

S 

S 

S 

S 

S 

DOWANOL*  PM  Glycol  Ether’ 

S 

S 

S 

S 

S 

S 

S 

DOWANOL*  DPM  Glycol  Ether’ 

S 

S 

S 

S 

S 

S 

S 

Ethyl  Alcohol 

S 

S 

S 

S 

S 

S 

S 

Ethyl  Ether 

8.2 

16.3 

16.9 

20 

S 

S 

S 

Methyl  Alcohol 

S 

S 

S 

S 

S 

S 

S 

Methyl  Isobutyl  Carbinol 

S 

S 

S 

S 

S 

S 

S 

Methyl  Isobutyl  Ketone 

12 

S 

S 

S 

S 

S 

S 

Monochlorobenzene 

5.7 

S 

S 

S 

22.5 

S 

S 

Monoethanolamine’ 

S 

S 

S 

S 

S 

S 

S 

ortho-Dichlorobenzene 

4.5 

48.4 

S 

S 

19.4 

S 

S 

Perchloroethylene’ 

0.7 

10.7 

15.0 

19.0 

14.5 

S 

S 

Phenol’ 

S 

S 

S 

S 

S 

S 

S 

Styrene’ 

3.4 

36 

S 

S 

15 

S 

S 

Toluene 

2.9 

17.2 

24.8 

89 

12.3 

S 

S 

Urea 

48 

30 

37 

28 

29 

12 

10 

Castor  Oil 

1 

<0.5 

<0.5 

<1 

0.8 

S 

S 

Coconut  Oil 

1 

1 

1 

<1 

1 

1 

3 

Cottonseed  Oil 

1 

1 

1 

<1 

1 

1 

<1 

Hydrous  Wool  Fat 

<0.5 

<0.5 

<0.5 

<1 

<0.5 

<0.5 

<1 

Lard  Oil 

1 

1 

1 

<1 

1 

1 

<1 

Linseed  Oil 

1 

1 

1 

<1 

1 

1.4 

2.5 

Oiticica  Oil 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

Olive  Oil 

1 

1 

1 

<1 

1 

0.7 

1,5 

Pine  Oil 

S 

S 

S 

S 

S 

S 

S 

Soya  Bean  Oil 

1 

1 

1 

<1 

1 

1 

<1 

Sperm  Oil 

1 

1 

1 

<1 

1 

1 

<1 

Tall  Oil 

<1 

<1 

<1 

<1 

<1 

S 

S 

Tung  Oil 

1 

1 

1 

<1 

1 

1 

<1 

Turkey  Red  Oil 

<1 

<v 

1' 

1' 

<v 

3^ 

4' 

Paraffin  Oil 

1 

1 

1 

<1 

1 

1 

<1 

SAENo.  10OII 

1 

1 

1 

<1 

1 

1 

<1 

VMP  Naphtha 

<1 

<1 

<1 

1 

1 

10 

14 

Animal  Glue  (Dry) 

<0.5 

<0.5 

<0.5 

<1 

<0.5 

<0.5 

<1 

Dextrin 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

Gum  Damar 

<0.5 

<0.5 

<0.5 

<1 

<0.5 

<0.5 

<1 

Kauri  Gum 

<0.5 

<0.5 

<0.5 

>16^ 

<5 

<5 

>16' 

Sudan  III 

<0.5 

<0.5 

<0.5 

<1 

<0.5 

<0.5 

<1 

Shellac 

<0.5 

<0.5 

<0.5 

<1 

<0.5 

<0.5 

<1 

' Product  of  The  Dow  Chemical  Company 
^ Forms  stable  emulsion  from  this  concentration  to  100% 
^ Becomes  too  viscous  to  stir  beyond  16%. 


Viscosity,  Centipoise 


Table  7.168:  Viscosity  of  Anhydrous  Glycols  (23) 


100000 


toooo 


1000 


100 


10 


Temperature,  Degrees  Fahrenheit 


Specific  Heat,  Btu  / lb  / Degrees  Fahrenheit  (Cal/g/^C) 


Table  7.169:  Specific  Heat  of  Anhydrous  Glycols  (23) 
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Table  7.170:  Technical  Data:  Ethylene  Glycol  Products  (27) 


ParamctcrB 

MEG 

DEG 

TEG 

Chemical  formula 

C,HA 

C.H.A 

C.H.A 

CAS  # 

107-21-1 

111-46-6 

112-27-6 

HMIS  raUng:  Health  hazard 

1* 

1 

1 

Fire  hazard 

1 

1 

1 

Reactivity 

0 

0 

0 

Molecular  weight 

62.07 

106.1 

150.17 

Specific  gravity  at  20/20®C 

1.1154 

1.118 

1.125 

Welght/gal  (US)  In  lbs  at  20°C 

9.28 

9.31 

9.36 

Refractive  Index  at  20®C 

1.4316 

1.447 

1.4559 

Viscosity  at  20®C,  cP 

21 

54 

64 

Flash  point  (PMCC),  “F  (°C) 

244  (118) 

280(138) 

340(171) 

Bolling  point,  “C  f»F) 

197.6(387.1)  1 

245  (473) 

287.4  (549.5) 

Freezing  point,  "C  (°F) 

-13(8.6) 

-8  (17.6) 

-7.2(19) 

Vapor  density 

2.1 

2.14 

5.2 

Explosive  limits:  Lower  (%) 

3.2 

1.6 

0.9 

Upper  {%) 

15.3 

10.8 

9.2 

Autoignition  temperature,  ®F  (®C) 

752  (399) 

442  (227) 

699  (370) 

Vapor  pressure  at  20®C,  mm  Hg 

0.06 

<0.01 

<0.01 

Surface  tension  at  20“C,  dyne/cm 

48.4 

44.7 

45.2 

Specific  heat  at  20®C,  cal/g/®C 

0.56 

0.50 

0.53 

Coefficient  of  expansion,  per  °C 
(10“  - 40«C) 

0.00062 

0.00064 

0.00068 

Table  7.171:  Ethylene  Glycol  Compatibility  (27) 


Acceptable  Metals 

Acceptable  Non-Metals 

Aluminum  (to  100®F) 

Butyl  GR-1  (HR) 

Brass  (to  80°F) 

Carbon  graphite  resin  impregnated 

Bronze 

Chlorinated  Polyether 

Carbon  steel  (to  lOO^F) 

CPVC 

Hastelloy  B* 

Ethylene  Propylene  Diene  (EPDM) 

Hastelloy  O 

Epoxy  Compounds 

High  silicon  Iron 

Ethylene-Terefluoroethylene  (ETFE,  Tefzel®) 

Inconel* 

Fluorinated  Ethylene  Propylene  (FEP) 

Lead  (to  90«F) 

Fluoroelastomers  (FKM,  Vlton  A*,  Fluorel*) 

Monel* 

Furfural  Alcohol  (Furans) 

Nickel 

Modified  Phenylene  oxide  (Noryl*) 

Nickel  resist 

Natural  Rubber 

304/347  Stainless  steel 

Perfiuoroalkoxy  (PFA) 

316  Stainless  steel 

Perfiuoroelastomers  (FPM,  Kalrez*.  Chemraz*.  Kel-P*) 

20Cb3  Stainless  steel 

Phenolics 

Tantalum  (to  90°F)  j 

Polyamides  (Nylon*  12,  Nylon*  66) 

Titanium 

Polybutadiene  (Isoprcne) 

Zirconium 

Polychloroprene  (Neoprene*) 

Polyester  Tercphthalate  (PET) 

Polyethylene 

Polypropylene 

Polystyrenes 

Polysulfones 

Polyphenylene  Sulfides  (I^on*) 
POlyvinylldene  fluoride  (PVDF,  Kynar*) 
Silicone  Rubbers 
Vinyl  Ester 

Registered  Trademarks 

Teflon® , Kalrez®,  Nylon* 

Registered  trademark  of  E.  I.  du  Pont  de  Neumols 

Neoprene*.  Tefzel®,  Viton  A® 

Registered  trademark  of  E.  I.  du  Pont  de  Neumois 

Chemraz® 

Registered  trademark  of  Green,  Tweed  & Co.,  Inc. 

Buna-N* 

Registered  trademark  of  Mobay  Corporation 

Hastelloy  B®,  Hastelloy  C» 

Registered  trademark  of  Cabot  Corporation 

Inconel®,  Monel® 

Registered  trademark  of  Inco  Alloys  International 

Fluorel®,  Kel-P® 

Registered  trademark  of  3-M  Corporation 

Noryl® 

Registered  trademark  of  General  Electric  Co. 

Ryton® 

Registered  trademark  of  Phillips  Petroleum  Corp. 

Kynar® 

Registered  trademark  of  Pennwalt  Corproration 

Table  7.172:  Weight  per  Gallon  at  Various  Temperatures  (lb)  (27)  Table  7.174:  Specific  Gravity  vs  Composition  @ Various 

Temperatures  of  Aqueous  MEG  Solutions  (27) 


Temperature,  “F 

MEG 

DEG 

TEG 

40 

9.383 

9.410 

9.480 

45 

9.366 

9.394 

9.461 

50 

9.349 

9.379 

9.444 

55 

9.334 

9.361 

9.424 

60 

9.318 

9.344 

9.405 

65 

9.301 

9.328 

9.389 

70 

9.286 

9.312 

9.370 

75 

9.268 

9.294 

9.352 

80 

9.253 

9.278 

9.334 

85 

9.235 

9.261 

9.315 

90 

9.218 

9.245 

9.297 

95 

9.202 

9.228 

9.278 

100 

9.185 

9.211 

9.261 

Table  7.173:  Weight  Percent  vs  Volume  Percent  Aq.  Monoethylene 
Glycol  Solutions,  20'’C  (27) 


Wt.  % 

Vol.  % 

Wt.  % 

Vol.  % 

Wt.  % 

Vol-  % 

0 

34 

31.6 

68 

65.6 

1.8 

36 

33.5 

70 

67.7 

3.6 

38 

35.5 

72 

69.7 

5.4 

40 

37.4 

74 

71.8 

7.2 

42 

39.4 

76 

74.0 

9.1 

44 

41.3 

78 

76.1 

10.9 

46 

43-3 

80 

78.2 

12.7 

48 

45.3 

82 

80.3 

14.6 

50 

47.3 

84 

82.5 

16-4 

52 

49.3 

86 

84.6 

18.3 

54 

51.3 

88 

86.8 

20.2 

56 

53.3 

90 

89.0 

22.1 

58 

55.3 

92 

91.2 

24.0 

60 

57.4 

94 

93.4 

25.9 

62 

59.4 

96 

95.6 

27.8 

64 

61.4 

98 

97.8 

29.7 

66 

63.5 

100 

100 
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specific  Gravity  @ 60°F 


Table  7.175:  Specific  Gravity  vs  Composition  @ Various 

Temperatures  of  Aqueous  DEG  Solutions  (27) 


Table  7.176:  Specific  Gravity  vs  Composition  @ Various 

Temperatures  of  Aqueous  TEG  Solutions  (27) 
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Boiling  Point. 


Table  7.177:  Boiling  Point  @ 760  mm  Hg  vs  Composition  of 
Aqueous  Glycol  Solutions  (27) 


Composition,  Weight  % Glycol 


Freezing  Point. " 


Table  7.178:  Freezing  Point  vs  Composition  of  Aqueous 
Glycol  Solutions  (27) 


Composition.  Weight  % Glycol 
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Vapor  Preasura,  mm  Hg 


Viscosity,  Centipoise 


(27) 


Table  7.180:  Viscosity  vs  Temperature  of  the  Glycols 
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Table  7.181:  Fire  Hazard  Information  (23) 


Flammable  Limits 

Auto- 

V0l% 

ignition 

Glycol 

Lower  Upper 

Temp°F’ 

Ethylene  Glycol 

3.2 

748 

Diethylene  Glycol 

- 

435 

Triethylene  Glycol 

0.9  9.2 

700 

Tetraethylene  Glycol 

- 

- 

Propylene  Glycol 

2.6  12.5 

700 

Dipropylene  Glycol 

- 

Tripropylene  Glycol 

- 

- 

'In  presence  ol  air 

'NFPA  - National  Fire  Protection  Association 


NFPA*  Hazard  Identification 
Health  Flam.  Reactivity 

Flash  Point 
P C° 

1 

1 

0 

247 

119 

1 

1 

0 

281 

138 

1 

1 

0 

325 

163 

1 

1 

0 

400 

204 

0 

1 

0 

218 

103 

0 

1 

0 

250 

121 

0 

1 

0 

285 

141 

Table  7.182:  Acute  Oral  Toxicity  (23) 


LDso  Values  for  Various  Glycols 
Single  Doses  to  Rats 


LD«, 

Glycol  gm/kg 

Ethylene 6.1 

Diethylene 16.6 

Triethylene 22.0 

Tetraethylene 32.8 

Propylene 33.7 

Dipropylene 14.8 

Tripropylene 3.0t 


ttargest  dose  survived  by  all  rats  tested;  10.0  gm/kg  resutted  in  the  death  of  all 
the  rats  tested. 


Table  7.183:  Environmental  Considerations,  Biodegradation  (23) 


Biodegradation 

Glycol 

ThOD" 

BOD’ -20  Day 

Ethylene  Glycol 

1.29p/p* 

1.15p/p 

Diethylene  Glycol 

1.51 

0.88 

Triethylene  Glycol 

1.60 

0.27 

Tetraethylene  Glycol 

1.65 

0.71 

Propylene  Glycol 

1.68 

1.45 

Dipropylene  Glycol 

1.91 

0.71 

Tripropylene  Glycol 

1.38 

— 
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Table  7.184:  Ethylene  Glycols:  Products,  Grades  and  Specifications  (27) 


Specification 

MEG 

High  Purity 

MEG 

Fiber 

MEG 

Industrial 

MEG 

Antifreeze 

MEG.  wt  % min 

99.9 

99.9 

99.0 

95.0 

DEG.  wt  % max 

0.05 

0.05 

0.5 

5.0 

Other  glycols,  wt  % max 

0.1 

Color,  APHA  max 

5 

5 

10 

15 

Acidity,  wt  % as  Acetic  Acid,  max 

0.003 

0.003 

0.005 

0.005 

Ash,  wt  % max 

0.003 

0.003 

0.005 

0.005 

Chlorides  (as  Cl),  ppm  max 

0.1 

0.1 

Iron,  ppm  max 

0.07 

0.07 

Water,  wt  % max 

0.05 

0.05 

0.2 

0.5 

Specific  resistivity,  ohm-cm,  min 

3xl0« 

UV  transmittance,  ‘/cm 

350  mu  %T  min 

98 

98 

275  mu  %T  min 

93 

93 

220  mu  %T  min 

70 

70 

Distillation  range,  °C(°F) 

Initial  boiling  point 

193(379) 

190(374) 

Diy  point 

201(394) 

250(482) 

Specifications 

DEG 

Polyester 

DEG 

Industrial 

TEG 

Industrial 

TEG 

Gas  Treat. 

MEG.  wt  % 

0.2  max 

0.5  max 

5.0  max 

DEG,  wt  % 

99.3  min 

99.0  min 

1.0  max 

TEG.  wt% 

0.3  max 

0.5  max 

99.0  min 

95.0  min 

Other  glycols 

1.0 

Color.  APHA  max 

10 

15 

25 

25 

Color,  sulfuric  test  APHA 

30 

Acidity,  wt  % as  Acetic  Acid,  max 

0.003 

0.005' 

0.005 

0.01 

Ash,  wt  % max 

0.003 

0.005 

0.005 

0.005 

Water,  wt  % max 

0.1 

0.2 

0.1 

0.1 

Distillation  range,  °C(°F) 

InlUal  boiling  point 

242(468) 

278(532) 

Diy  point 

250(482) 

300(572) 

Specifications  are  subject  to  change.  This  section  Is  intended  for  comparison  use  only.  Please  contact 
your  sales  representative  or  Technical  Service  for  the  current  sales  specification. 


Table  7.185:  Ashland  Glycols  (69) 


PRODUCT 

LB./GAL. 
20“  C 

SP.  GR. 
20“/20“C 

BOILING  RANGE 

FL.  PT. 
^F  COC 

Propylene  Glycol 

8.64 

1.038 

186-190 

367-374 

225 

Ethylene  Glycol 

9.28 

1.115 

193-204 

379-399 

240 

Hexylene  Glycol 

7.68 

0.923 

196-199 

385-390 

215 

Dlpropylene  Glycol 

8.51 

1.023 

228-236 

442-457 

280 

Diethylene  Glycol 

9.31 

1.119 

240-250 

464482 

290 

Tripropylene  Glycol 

8.52, 

1.023 

263-280 

505-536 

310 

Triethylene  Glycol 

9.36 

1.125 

278-300 

532-572 

330 

Table  7.186:  Chemcentral  Polyols  (67) 


POLYOLS 

CAS 

Mole 

Weight 

% 

Purity 

Comm 

Spc^: 

Grav 

Lbs./ 

Gal. 

Coelt 

of 

Expan. 

<'.Sp.  Gr 
Per 

Retrac 

live 

Distillation  Range 
@ 760  mm  Hg 

Prod. 

25/25"C 

25«C 

Per  °C 

25^C 

OQ 

ethylene  glycol 

107-21-1 

62.1 

1 HO 

9 26 

00064 

00046 

1 430 

197  204 

387  399 

DIETHYLENE  GLYCOL 

1 1 1 -46-6 

106.1 

1 H3 

9 29 

00065 

00046 

1 446 

245  255 

473-491 

triethylene  glycol 

112-27-6 

150.2 

1 H9 

9 34 

00071 

.00052 

1 454 

286  300 

546  572 

PROPYLENE  GLYCOL 

57  55-6 

76.1 

1 033 

a 62 

00072 

.00050 

1 431 

187  T90 

369-374 

DtPROPYLENE  GLYCOL 

25265-71-8 

134,2 

1.023 

8.54 

.00075 

.00052 

1 439 

231  238 

448-460 

TRIPROPYLENE  GLYCOL 

1638-16-0 

192.3 

1016 

8 51 

00070 

.00046 

1 44? 

268  275 

514-527 

1-3  BUTYLENE  GLYCOL 

107  88-00 

90.12 

95 

1 006' 

a 38* 

1 440 

200  215 

392-419 

HEXYLENE  GLYCOL 

107  41-5 

1 18.18 

923 

7 68 

00078 

00052 

1.4263’ 

196  199 

385-390 

GLYCERINE  SYNTHETIC 

56  81-5 

92.1 

99  5 

1 26? 

10  50 

000612 

.000615 

1 ,472 

290 

554 

GLYCERINE  SYNTHETIC  U.S.R 

56-81-5 

92.1 

96.0 

1.2517 

10.41 

.000612 

.000615 

1.468 

T75 

347 

GLYCERINE  SYN  99.5%  U.S.P 

56-81-5 

92.1 

99.5 

1 266 

10  50 

,000612 

000615 

1 47? 

290 

554 

POLYGLYCOL  E200 

200 

1.124 

9 35 

1 459 

POLYGLYCOL  E3ob 

300 

1 125 

9 36 

1 463 

POLYGLYCOL  E400  » E400  NT 

400 

1 125 

9 36 

1 465 

POLYGLYCOL  E600 

600 

' L126  J 

" 9^7  ~ 

1.466 

r 5^ 

POLYGLYCOL  E 1000 

1000 

lit? 

Solid 

Solid 

POLYGLYCOL  E 1450 

1450 

1 210 

Solid 

Solid 

POLVGLYCOt  E4500 

4500 

1 21? 

Solid 

00072 

SoJxt 

A 

Cp 

k 

POLVGLYCOL  P 4Z*i 

425 

t 007 

a 38 

1 445 

1 

POLYGLYCOL  P-1200 

1200 

~ T ob  3 

i35  j 

1.448 

POLYGLYCOL  P-200C 

2000 

t 00? 

8 34 

t 450 

POLYGLYCOL  P 4000 

4000 

! 00  1 

8 33  ■ 

1 449 

POLYGLYCOL  15  200 

2600 

t 053 

8 76 

I 459 

POLYGLYCOL  112  2 

1 023 

8 51 

1 454 

POLYOLS 

Vapor 

Press. 

25°C 
mm  Hg 

Vise. 

cs 

25°C 

Solubil 

wt.rd 

tty  % by 

1 25°c 

spec.  Heat 
@ 25“C 
B.T.U./ 

Freeze 

Point 

°F 

Flash 
Point 
O.  Cup 
“F 

Explosive 
Limits  % by 
Vol.  In  Air 

Solu 

bility 

Param- 

In  H,0 

Of  H,0 

lb./°F 

Lower 

Upper 

eter 

ETHYLENE  GLYCOI 

0 12 

14  9 

oo 

oo 

0.58 

6 

240 

3 2 

15.3 

17  1 

01E1HYLENE  Gl  YCOl 

OOt 

25  3 

oo 

oo 

0 55 

8 

290 

17 

10.6 

14  2 

iniETHYLENC  GLYCOI 

0 0! 

33  3 

oo 

oo 

0 53 

- i 

320 

0 9 

9 2 

10  7 

PROPYIENF  GLYCOI 

0 22 

42  6 

oo 

oo 

0 60 

Suyerroois 

215 

2,6 

12  5 

150 

CMPROPYLENE  GLYCOL 

0.03 

72.5 

oo 

oo 

0.58 

Supercools 

260 

1.3  i 

8.5 

11.5 

Tin  propylene  glycol 

- 0 01 

55  1 

oo 

oo 

0 51 

Supercools 

285 

9 2 

1 3 butylene  GLYCOI 

0 06 

oo 

oo 

• - 50 

250 

1-2 

8 1 

116 

HEXYLENE  GLYCOL 

0 05 

oo 

oo 

50 

215 

1.2 

8 1 

1 16 

GLYCERINE  SYNTHETIC 

1 001 

oo 

oo 

0 577 

17  9 

350 

17  7 

GLYCERINE  SYNTHETIC  U.S.P. 

435 

oo 

oo 

9 5 

375 

17.7 

GLYCERINE  SYN  99  5%  U S P 

( 0 05 

oo 

oo 

0 577 

17  9 

350 

17  7 

POLYGLYCOL  E200 

[ ' 00! 

39  9 

oo 

oo 

0 52 

SuperciXils 

360 

POLYGLYCOL  E300 

00! 

68.8 

oo 

oo 

a's'i 

1 5 

415 

POLYGLYCOL  E400  & E400  NT 

OOt 

90'0 

oo 

oo 

^ 0,50 

’ 43 

460 

POLYGLYCOL  E600 

1 <0^01 

131 

oo 

oo 

[ 0^9 

, 73 

[ 480 

POLYGLYCOL  El 000 

boi 

Solid 

oo 

oo 

TOO 

490 

1 

POLYGLYCOL  El 450 

001 

Solid 

oo 

oo 

' n 3 

490 

! 

POLYGLYCOL  E4500 

0 01 

Solid 

oo 

oo 

0 37 

133 

515 

1 

POLYGLYCOL  P 425 

0 01 

' 70 

oo 

oo 

0 476 

56 

390 

POLYGLYCOL  P-1200 

<"o’bi  " 

L 

2 

8 

0.449 

_40 

460 

POLYGLYCOL  P-2000 

• 0 01 

230  ~ 

- 0.1 

4 

0 43?' 

?4 

445 

POLYGLYCOL  P-4000 

■ OOt 

M 14 

' o.i 

20 

445 

POLYGLYCOL  15-200 

OOt 

360 

CKJ 

o>:> 

4L' 

345‘‘ 

POLYGLYCOL  112  2 

00! 

659 

< b,  1 

18 

520 

20/20-C 


t20°C 


'Pensky- Martens 
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Table  7.187:  Hoechst  Celanese  1,3-Butylene  Glycol  (42) 
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Physical  Properties 


AutoignKion  Temperature,  °C 

393.9 

Boaing  Point  at  760  mm  Hg,  °C 

207.5 

Boiling  Point  at  760  mm  Hg, 

405.5 

CrKicai  Pressure,  atmospheres 

49.4 

Critical  Temperature,  °C 

370.0 

Evaporation  Rate  (BuAc  = 1) 

Nil 

Flash  Point,  Tag  Open  Cup,  °F 

250 

Tag  Closed  Cup,  °F 

228 

Freezing  Point,  °C 

-50 

Heat  of  Combustion,  kcal/mole  at 
constant  volume 

594.7 

Heat  of  Vaporization,  btu/b  at 
normal  boiling  point 

279 

Hygroscopicity,  water  absorbed  in 
144  hours,  25-28^C 

at  81  percent  relative 
hurrxiity,wt% 

38.5 

at  47  percent  relative 
humidity, wt% 

12.5 

at  20  percent  relat'rve 
humidity, wt% 

4.3 

Molecular  Weight 

90.12 

Refractive  Index  ng* 

1.4412 

Solubility  at  20°C,wt% 
in  alcohol,  ether,  water 

Conrplete 

Specific  Gravity,  20/20®C 

1.005 

Specific  Heat  of  Liquid,  btu/lb^F 
at68^F 

0.505 

Surface  Tension  In  Air  at  25°C, 
dynes/cm 

37.80 

Vapor  Density  (air  = 1) 

3.20 

Vapor  Pressure,  20°C,  mm  Hg 

0.06 

Viscosity  at  25®C,  centipoise 

103.9 

Weight,  pounds  per  gallon 

at20°C(68°n 

8.37 

Table  7.188:  Occidental  Ethylene  Glycol 


• Monoeihyiene  Glycol 
(MEG  or  EG) 

Synon3nns  for  monoethylene 
glycol  include:  ethylene  glycol, 
1,2-ethanediol,  dihydrox- 
y ethane,  ethylene  alcohol,  glycol 
alcohol,  ethylene  dihydrate,  and 
glycoL 


• Dieihylene  Glycol 
(DEG) 

Synon3mis  for  diethylene  gly- 
col include:  2,2’-oxybisethanol, 
2,2*-oxydiethanol,  bis(2-hydrox 
yethyl  ether,  dlglycol,and  2,2’- 
dihydroxydiethyl  ether. 


• Triethylene  Glycol 
(TEG) 

Synon3nns  for  triethylene  gly- 
col include:  1,2-bis  (hydrox- 
yethoxy)  etheine,  3,6-dioxaoc- 
tane-l,8-diol,  triglycol,  and 
2.2*-ethylenedioxydiethanol. 
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GLYCEROL  (GLYCERINE) 

1,2,3-  Propan«(riol  CH2OH  • CHOH  • CH2OH 

Table  7.189:  Physical  Properties  and  Specifications  of  Glycerol  (32) 


Acidity 

Neutral  to  litmus 

Heat  of  fusion 

47.5  cal./g. 

Ash 

0.01%  by  wt.,  inax. 

Latent  heat  of  vaporization  at  55’  C 

228,7  g.-cal./g. 

Auto  ignition  point  (on  glass) 

804*  Ft 

at  105*  C 

197.3  g.-cal,/g. 

Boiling  point  at  760  mm.  Hg 

290*  C* 

Melting  point 

17.9*  C* 

Boiling  points  at  low  pressures: 
at  1 mm. 

126.0*  C 

Molecular  weight 

92.004 

5 mm. 

153.8*  C 

Refractive  index  at  25*  F 

1.4722t 

10  mm. 

167.2*  C 

20  mm. 

182.2*  C 

S^clfic  gravity  at  25/25*  C 

1.262t 

40  mm. 

108.0*  C 

Specific  heat  at  25*  C 

0.677  cal./g.  *Ct 

Chlorine 

0.0005%  by  wt.,  max. 

Surface  tension  at  20*  C 

63.3  dynes/cm. 

Color,  Pl-Co  (Hazen)  standards 

20  max. 

90*  C 

58.6  dynes/cm. 

Fatty  acids,  mez/100  g. 

1 max. 

150*  C 

51.9  dynes/cm. 

Vapor  pressure  at  20*  C 

0.0016  mm.  Hg 

Fire  point 

400*  Ft 

200*  C 

42  mm.  Hg 

Flash  point,  tag  open  cup 

350*  Ft 

Viscosity  at  25*  C 

945  cp.t 

tag  closed  cup 

320*  Ft 

Freezing  point 

17.9*  C* 

Weight  per  gallon  at  25*  C 

10.50  lb. 

Glycerol 

99.5%  by  wt.,  min.  (sp.  gr.  at 

20*  C,  in  air  1.2626)* 

♦D.  R,  Stull,  Ind,  Engl.  Chcin,,  39,  517  (1947). 
tACS  No.  117. 


Table  7.190:  Bolling  Points  and  Specific  Gravities  of  Aqueous  Glycerol  Solutions  (23) 


Table  7.191:  Conversion  Chart  for  Aqueous  Glycerol  Solutions  (25”C)  (23) 


03615 

1.03370 

03130 

02885 

02640 

02395 

02150 

01905 

01670 

01440 

01205 

00970 

00735 

00505 

00270 

00035 

99800 

99568 
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Table  7.193:  Freezing  Points  of  Glycerol-Water  Solutions  (23) 

“C  °F 


Percent  of  Glycerol  By  Weight 


Polyhydric  Alcohols 
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Table  7.194:  Freezing  Points  of  Glycerol-Water  Solutions  (23) 


(ilyccrol  hy  W(. 
(%) 

Vftitcr  (%) 

Freezing  Points 

rc) 

Glycerol  by  Wl. 
(%) 

Waicr  (%) 

Freezing  Points 
(°C) 

0.0» 

100.0 

0 

65.0 

35.0 

-43.0 

5.0 

95.0 

-0.6 

OS.O" 

34.4 

-44.5 

10.0 

90.0 

-1.6 

66.0" 

34.0 

-44.7 

11.5'’ 

88.5 

-2.0 

66.7" 

33.3 

-46.5 

15.0 

85.0 

-3-1 

67.1'’ 

32.9 

-45.5 

20.0 

80.0 

-4.8 

67.3'’ 

32.7 

-44.5 

22,6^ 

77.4 

-6.0 

68.0* 

32.0 

-44.0 

25.0 

75.0 

-7.0 

70.0 

30.0 

-38.9 

30.0 

70,0 

-9.5 

70.9'’ 

29.1 

-37.5 

33.3‘ 

67.0 

-11.0 

75.0 

25.0 

-29.8 

35.0 

65.0 

-12.2 

75.4'’ 

24.6 

-28.5 

40.0 

60.0 

-15.4 

79.0'’ 

21.0 

-22.0 

44.5'’ 

55.5 

-18.5 

80 

20.0 

-20.3 

45.0 

55.0 

-18.8 

84.8'’ 

15.2 

-10.5 

50.0 

50.0 

- 23.0 

85.0 

15.0 

-10.9 

53.0'’ 

47.0 

-26.0 

90.0 

10.0 

-1.6 

55.0 

45.0 

-28.2 

90.3‘ 

9.7 

-1.0 

60.0 

40.0 

-34.7 

95.0 

5.0 

7.7 

60.4‘ 

39.6 

-35.0  1 

95.3'’ 

4.7 

7.5 

64.0'’ 

36.0 

-41.5 

98.2'’ 

1.8 

13.5 

64.7'’ 

35.3 

-42.5 

100.0* 

0.0 

17.0 

*Taken  from  literature. 

••Actual  determination. 

Remaining  values  were  interpolated  from  curve. 


Table  7.195:  Viscosity  of  Aqueous  Glycerol  Solutions  Centipolses  (23) 


Temperature  TO 


% Wt. 

0 

40 

80 

90 

r 

100 

1.792 

0.8007 

0.6560 

0.5494 

0.4688 

0.4061 

0.3565 

0.3165 

0.2838 

2.44 

1.03 

0.826 

0.680 

0.575 

0.500 

- 

- 

- 

20 

3.44 

2.41 

1.55 

1.07 

0.879 

0.731 

- 

- 

- 

30 

5.14 

3.49 

HI 

1.87 

1.46 

1.16 

0.956 

HHiH 

0.690 

- 

- 

40 

8.25 

5.37 

2.72 

2.07 

1.62 

1.30 

0.918 

0.763 

50 

14.6 

9.01 

6.00 

4.21 

3.10 

2.37 

1.86 

1.53 

1.25 

1.05 

0.910 

60 

29.9 

17.4 

10.8 

7.19 

5.08 

3.76 

2.85 

2.29 

1.84 

1.52 

1.28 

65 

45.7 

25.3 

15.2 

9.85 

6.80 

4.89 

3.66 

2.91 

2.28 

1.86 

1.55 

67 

55.5 

29.9 

17.7 

11.3 

7.73 

5.50 

4.09 

3.23 

2.50 

1.68 

70 

76 

38.8 

22.5 

14.1 

9.40 

6.61 

4.86 

3.78 

2.90 

2.34 

1.93 

75 

132 

65.2 

35.5 

21.2 

13.6 

9.25 

6.61 

5.01 

3-80 

2.43 

80 

255 

116 

60.1 

33.9 

20.8 

13.6 

9.42 

6.94 

5.13 

3.18 

85 

540 

223 

109 

58 

33.5 

21.2 

14.2 

10.0 

7.28 

5.52 

4.24 

90 

1310 

498 

219 

109 

60.0 

35.5 

22.5 

15.5 

11.0 

7.93 

6.00 

91 

1590 

592 

259 

127 

68.1 

39.8 

25.1 

17.1 

11.9 

8.62 

6.40 

92 

1950 

729 

310 

147 

78.3 

44.8 

28.0  1 

19.0 

13.1 

9.46 

6.82 

93 

2400 

860 

367 

172 

89 

51.5 

31.6  ' 

21.2 

14.4 

7.54 

94 

2930 

1040 

437 

202 

105 

58.4 

35.4 

23.6 

15.8 

11.2 

8.19 

95 

3690 

1270 

523 

237 

121  1 

67.0 

39.9 

26.4 

17.5 

12.4 

9.08 

96 

4600 

1580 

624 

281 

142  1 

77.8 

45.4 

29.7 

J9.6 

13.6 

10.1 

97 

5770 

1950 

765  1 

166 

88.9 

51.9 

33.6 

21.9 

15.1 

10.9 

98 

7370  ’ 

2460  i 

939  ! 

409 

196 

104 

59.8 

38.5 

24.8 

12.2 

99 

9420 

3090  ; 

500 

235 

122 

69.1 

43.6 

27.8 

13-3 

100 

12070 

3900 

1410 

612 

284 

142 

81.3 

50.6 

31.9 

21.3 

14.8 

'Viscosity  of  water  taken  from  “Properties  of  Ordinary  Water-Substance,”  N.E.  Dorsey,  p.  184.  New  York  (1940) 
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Table  7.196:  Hygroscopicity  Curves  for  Glycerol  Table  7.197:  Hygroscopicity  Curves  for  Glycerol 
and  1,3-Butylene  Glycol  (42)  and  2,3-Butylene  Glycol  (42) 


AT  25®C  AKO  75»  RELATIVE  HUMIDITY 


AT  25®C  AND  50»  RELATIVE  HUMIDITY 


Polyhydric  Alcohols 
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Table  7.199:  Solubility  of  Sucrose  and  Dextrose  in  Aqueous  Glycerol  at  15°,  24°,  and  35°C  (32) 


Table  7.200:  Solubility  of  Various  Compounds  in  Glycerol  (32) 


Substance 

Glycerol 
Concentration 
% Weight 

Temperature 

•c 

Solubility  in 
Parts  per 
100  Parts 
of  Solvent 

Alum 

t 

15 

40 

Ammonium  carbonate 

T 

15 

20 

Ammonium  chloride 

T 

15 

20.06 

Atropine 

T 

15 

3 

Benzoic  acid 

98.5 

— 

2 

Boric  acid 

98.5 

20 

24.80 

Calcium  hydroxide 

35 

25 

1.3 

Calcium  hypophosphite 

99.04 

20 

2.5 

Calcium  sulfate 

T 

15 

5.17 

Codeine  hydrochloride 

99.04 

20 

11.1 

Ethyl  ether 

99.04 

20 

0.65 

Ferrous  sulfate 

T 

15 

25 

Guaiacol 

99.04 

20 

13.1 

Iodine 

t 

15 

2 

iodoform 

95 

15 

0.12 

Iron  and  potassium  tartrate 

t 

15 

8 

Iron  lactate 

t 

15 

16 

Morphine  acetate 

T 

15 

20 

Novocaine 

99.04 

20 

11.2 

Phenacetin 

99.04 

20 

0.47 

Phenol 

99.04 

20 

276.4 

Potassium  iodide 

t 

15 

39.72 

Quinine  sulfate 

98.5 

— 

1.32 

Salicin 

T 

15 

12.5 

Sodium  bicarbonate 

t 

15 

8.06 

Sodium  carbonate  (crystals) 

T 

15 

98.3 

Sodium  tetraborate  (borax) 

T 

15 

60 

Tannic  acid 

t 

15 

48.8 

Tartar  emetic 

T 

15 

5.5 

Urea 

t 

15 

50 

Zinc  chloride 

t 

15 

49.87 

Zinc  iodide 

t 

15 

39.78 

t Glycerol  concentration  not  specified,  probably  95  to  100  per  cent. 
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Table  7.201:  Specific  Gravity  and  Percent  Glycerol  (32) 


Glycerol 

Apparent  Specific  Gravity 
15/15*  C 15. 5/15. 5*  C 20/20“  C 

25/25“  C 

Glycerol 

Apparent  Specific  Gravity 
15/15’  C 15.5/15.5“  C 20/20“  C 

25/25“  C 

Per  Cent 

Per  Cent 

100 

1.26557 

1.26532 

1.26362 

1.26201 

50 

1.12985 

1.12970 

1.12845 

1.12720 

99 

1.26300 

1.26275 

1.26105 

1.25945 

49 

1.12710 

1.12695 

1.12570 

1.12450 

98 

1.26045 

1.26020 

1.25845 

1.25685 

48 

1.12440 

1.12425 

1.12300 

1.12185 

97 

1.25785 

1.25760 

1.25585 

1.25425 

47 

1.12165 

1.12150 

1.12030 

1.11915 

96 

1.25525 

1.25500 

1.25330 

1.25165 

46 

1.11890 

1.11880 

1.11760 

1.11650 

95 

1.25270 

1.25245 

1.25075 

1.24910 

45 

1.11620 

1.11605 

1.11490 

1.11380 

94 

1.25005 

1.24980 

1.24810 

1.24645 

44 

1.11345 

1.11335 

1.11220 

1.11115 

93 

1.24740 

1.24715 

1.24545 

1.24380 

43 

1.11075 

1.11060 

1.10950 

1.10845 

92 

1.24475 

1.24450 

1.24280 

1.24115 

42 

1.10800 

1.10790 

1.10680 

1.10575 

91 

1.24210 

1.24185 

1.24020 

1.23850 

41 

1.10525 

1.10515 

1.10410 

1.10310 

90 

1.23950 

1.23920 

1.23755 

1.23585 

40 

1.10255 

1.10245 

1.10135 

1.10040 

89 

1.23680 

1.23655 

1.23490 

1.23320 

39 

1.09985 

1.09975 

1.09870 

1.09775 

88 

1.23415 

1.23390 

1.23220 

1.23055 

38 

1.09715 

1.09705 

1.09605 

1.09510 

87 

1.23150 

1.23120 

1.22955 

1.22790 

37 

1.09445 

1.09435 

1.09335 

1.09245 

86 

1.22885 

1.22855 

1.22690 

1.22520 

36 

1.09175 

1.09165 

1.09070 

1.08980 

85 

1.22620 

1.22590 

1.22420 

1.22255 

35 

1.08905 

1.08895 

1.08805 

1.08715 

84 

1.22355 

1.22325 

1.22155 

1.21990 

34 

1.08635 

1.08625 

1.08535 

1.08455 

83 

1.22090 

1.22055 

1.21890 

1.21720 

33 

1.08365 

1.08355 

1.08270 

1.08190 

82 

1.21820 

1.21790 

1.21620 

1.21455 

32 

1.08100 

1.08085 

1.08005 

1.07925 

81 

1.21555 

1.21525 

1.21355 

1.21190 

31 

1.07830 

1.07815 

1.07735 

1,07660 

80 

1.21290 

1.21260 

1.21090 

1.20925 

30 

1.07560 

1.07545 

1.07470 

1.07395 

79 

1.21015 

1.20985 

1.20815 

1.20655 

29 

1.07295 

1.07285 

1.07210 

1.07135 

78 

1.20740 

1.20710 

1.20540 

1.20380 

28 

1.07035 

1.07025 

1.06950 

1.06880 

77 

1.20465 

1.20440 

1.20270 

1.20110 

27 

1.06770 

1.06760 

1.06690 

1.06625 

76 

1.20190 

1.20165 

1.19995 

1.19840 

26 

1.06510 

1.06500 

1.06435 

1.06370 

75 

1.19915 

1.19890 

1.19720 

1.19565 

25 

1.06250 

1.06240 

1.06175 

1.06115 

74 

1.19640 

1.19615 

1.19450 

1.19295 

24 

1.05985 

1.05980 

1,05915 

1.05860 

73 

1.19365 

1.19340 

1.19175 

1.19025 

23 

1.05725 

1.05715 

1.05655 

1.05605 

72 

1.19090 

1.19070 

1.18900 

1.18755 

22 

1.05460 

1.05455 

1.05400 

1.05350 

71 

1.18815 

1.18795 

1,18630 

1.18480 

21 

1.05200 

1.05195 

1.05140 

1.05095 

70 

1.18540 

1.18520 

1.18355 

1.18210 

20 

1.04935 

1.04935 

1.04880 

1.04840 

69 

1.18260 

1.18240 

1.18080 

1.17935 

19 

1.04685 

1.04680 

1.04630 

1.04590 

68 

1.17985 

1.17965 

1.17805 

1.17660 

18 

1.04435 

1.04430 

1.04380 

1.04345 

67 

1.17705 

1.17685 

1.17530 

1.17385 

17 

1.04180 

1.04180 

1.04135 

1.04100 

66 

1.17430 

1.17410 

1.17255 

1.17110 

16 

1.03930 

1.03925 

1.03885 

1.03850 

65 

1.17155 

1.17130 

1.16980 

1.16835 

15 

1.03675 

1.03675 

1.03635 

1.03605 

64 

1.16875 

1.16855 

1.16705 

1.16560 

14 

1.03425 

1.03420 

1.03390 

1.03360 

63 

1.16600 

1.16575 

1.16430 

1.16285 

13 

1.03175 

1.03170 

1.03140 

1.03110 

62 

1.16320 

1.16300 

1.16155 

1.16010 

12 

1.02920 

1.02920 

1.02890 

1.02865 

61 

1.16045 

1.16020 

1.15875 

1.15735 

11 

1.02670 

1.02665 

1.02640 

1.02620 

60 

1.15770 

1.15745 

1.15605 

1.15460 

10 

1.02415 

1.02415 

1.02395 

1.02370 

59 

1.15490 

1.15465 

1.15325 

1.15185 

9 

1.02175 

1.02175 

1.02155 

1.02135 

58 

1.15210 

1.15190 

1.15050 

1.14915 

8 

1.01935 

1.01930 

1.01915 

1.01900 

57 

1.14935 

1.14910 

1.14775 

1.14640 

7 

1.01690 

1.01690 

1.01675 

1.01660 

56 

1.14655 

1.14635 

1.14500 

1.14365 

6 

1.01450 

1.01450 

1.01435 

1.01425 

55 

1.14375 

1.14355 

1.14220 

1.14090 

5 

1.01210 

1.01205 

1.01195 

1.01185 

54 

1.14100 

1.14080 

1.13945 

1.13815 

4 

1.00965 

1.00965 

1.00955 

1.00950 

53 

1.13820 

1.13800 

1.13670 

1.13540 

3 

1.00725 

1.00725 

1.00720 

1.00710 

52 

1.13540 

1.13525 

l.lp395 

1.13265 

2 

1.00485 

1.00485 

1.00480 

1.00475 

51 

1.13265 

1.13245 

1.13120 

1.12995 

1 

1.00240 

1.00240 

1.00240 

1.00235 
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Table  7.202:  Specific  Gravities  of  Glycerol  and  Table  7.203:  Specific  Heat  of  Glycerol  (23) 

Glycol  Mixtures  (23) 


Table  7.204:  Vapor  Pressure  of  Glycerol  (23) 


Temperature, 

"C 

V.  P.  mm.  Hg. 

Temperature, 

"C 

V.  Pv  mm.  Hg. 

120 



210 

63.8 

130 

1.47 

220 

91.9 

140 

2.61 

230 

130 

150 

4.48 

240 

181 

160 

7.44 

250 

248 

170 

12.0 

260 

334 

180 

18.9 

270 

445 

190 

29.0 

280 

586 

200 

43.4 

290 

760 

Table  7.205:  Vapor  Pressure  of  Glycerol- 
Water  Solutions  (23) 


Table  7.206:  Viscosity  of  Glycerol  Solutions  in  Centipoises  (23)  (32) 


Temperature 
Glycerol  % F .p. 

-5" 

-10" 

-20" 

-30" 

-40" 

10 

-1.6" 



— 

— 

— 

20 

-4.8" 

— 

— 

— 

— 

30 

-9.5" 

6.5 

— 

— 

— 

40 

-15.4" 

10.3 

14.4 

— 

— 

— 

50 

-23.0* 

18.8 

24:4 

48.1 

— 

— 

60 

-34.7" 

41.6 

59.1 

108.0 

244.0 

— 

66.7 

-46.5“ 

74.7 

113.0 

289.0 

631.0 

1398.0 

70 

-38.5" 

110.0 

151.0 

394.0 

1046.0 

80 

-20.3“ 

419.0 

683.0 

1600.0 

— 

— 

90 

-1.6" 

— 

— 

~ - 

Glycerol 

% Wt.  Q 10  20  30 


Ot 

10 

20 

30 

40 

50 

60 

65 

67 

70 

75 

80 

85 

90 

91 

92 

93 

94 

95 

96 

97 
96 
99 

100 


1.792 

1.308 

2.44 

1.74 

3.44 

2.41 

5.14 

3.49 

8.25 

5.37 

14.6 

9.01 

29.9 

17.4 

45.7 

25.3 

55.5 

29,9 

76.0 

38.8 

132. 

65.2 

255, 

116. 

540. 

223. 

1310. 

498. 

1590. 

592. 

1950. 

729. 

2400. 

860. 

2930. 

1040. 

3690. 

1270. 

4600. 

1580. 

5770. 

1950. 

7370. 

2460. 

9420. 

3090. 

12070. 

3900. 

1.005  0.8007 

1.31  1.03 

1.76  1.35 

2.50  1.87 

3.72  2.72 

6.00  4.21 

10.8  7.19 

15.2  9.85 

17.7  11.3 

22.5  14.1 

35.5  21.2 

60.1  33.9 

109.  58.0 

219.  109. 

259.  127. 

310.  147. 

367.  172. 

437.  202. 

523.  237. 

624.  281. 

765.  340. 

939.  409. 

1150.  500. 

1410.  612. 


Temperature  “C. 


40  50  60 


0.6560 

0.5494 

0.4688 

0.826 

0.680 

0.575 

1.07 

0.879 

0.731 

1.46 

1.16 

0.956 

2.07 

1.62 

1.30 

3.10 

2.37 

1.86 

5.08 

3.76 

2.85 

6.80 

4.89 

3.66 

7.73 

5.50 

4.09 

9.40 

6.61 

4.86 

13.6 

9.25 

6.61 

20.8 

13.6 

9.42 

33.5 

21.2 

14.2 

60.0 

35.5 

22.5 

68.1 

39.8 

25.1 

78.3 

44.8 

28.0 

89.0 

51.5 

31.6 

105. 

58.4 

35.4 

121. 

67.0 

39.9 

142. 

77.8 

45.4 

166. 

88.9 

51.9 

196. 

104. 

59.8 

235. 

122. 

69.1 

284. 

142. 

81.3 

70 

80 

90 

0.4061 

0.3565 

0.3165 

0.500 

— 

— 

0.635 

— 

— 

0.816 

0.690 

— 

1.09 

0.918 

0.763 

1.53 

1.25 

1.05 

2.29 

1.84 

1.52 

2.91 

2.28 

1.86 

3.23 

2.50 

2.03 

3.78 

2.90 

2.34 

5.01 

3.80 

3.00 

6.94 

5.13 

4.03 

10.0 

7.28 

5.52 

15.5 

11.0 

7.93 

17.1 

11.9 

8.62 

19.0 

13.1 

9.46 

21.2 

14.4 

10.3 

23.6 

15.8 

11.2 

26.4 

17.5 

12.4 

29.7 

19.6 

13.6 

33.6 

21.9 

15.1 

38.5 

24.8 

17.0 

43.6 

27.8 

19.0 

50.6 

31.9 

21.3 

tvianoiiitv  of  water  taken  from  Properties  of  Ordinary  Water-Substances  by  N.  E.  Dorsey.  New  York,  publisher 


100 


0.2838 


0.668 

0.910 

1.28 

1.55 

1.68 

1.93 

2.43 

3.18 
4.24 
6.00 
6.40 
6.82 
7.54 

8.19 
9.08 

10.1 

10.9 

12.2 

13.3 

14.8 


1940,  p. 


TEMPERATURE  , DEGREES  CENTIGRAOE 


184. 
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COMPARATIVE  DATA 

Table  7.207:  Emery  CP/USP  Glycerines  (63) 


SPECIFICATIONS 


Glycerol 
%.  min. 

Specific 

Gravity 

25/25“C 

min. 

Color 

APHA 

max. 

Residue 

on 

Ignition 
PPM,  max. 

Chloride 

PPM 

max. 

Sulfate 

PPM 

max. 

Arsenic 

PPM 

max.. 

Heavy 

Metals 

PPM 

max. 

Chlorinated 

Compounds 

PPM 

max. 

Fatty 

Acids 

and 

Esters^ 

Readily 

Cartxxi- 

izaWe 

EMERY®  91 2 96%  CP/USP 
Glycerine 

96.0 

1.2517 

20’ 

100 

10 

20 

1.5 

5 

30 

1.0 

EMERY®  91 6 99.7%  CP/USP 
Glycerine 

99.7 

12612 

10’ 

100 

10 

20 

1.5 

5 

30 

1.0 

EMERY®  91 7 99.7%  CP/USP 
Kosher  Glycerine 

99.7 

12612 

10’ 

100 

10 

20 

1.5 

5 

30 

1.0 

EMERY®  d1 8 99.8%  CP/USP 
Ultra  Givcerina 

99.8 

1.2615 

10 

100 

5 

20 

1.5 

5 

30 

0.18 

’ Meets  USP  specification  which  is  equivalent  to  20  APHA. 
^ Ml  0.5N  WaOH  per  50  g of  glycerine. 

3 Ughter  than  matching  H fkud 


Table  7.208:  Proctor  & Gamble  Glycerine  (39) 
Gfycerine 

(Ivorydale  Production) 


Superol™ 
Giycerine-U.$.P. 
Food  Grade 

Star™ 

Gly(erlne-U.$.P. 
Food  Grade 

Glycerol  (Bosort  & 

99.7X  mlirimum 

96X  minimum 

Snoddy  tobies) 

(99.9) 

(96.3) 

Specific  Gravity,  by 

1.2613  minimuni 

1.2517  minimum 

density  meten 
0|25’/2S’C(77777T) 

(1.2618) 

(1.2524) 

Color,  APHA  PKo 

10  maximum 

10  maximum 

(Hozen)  scde 

(6) 

(S) 

Residue  on  ignition 

0.007X  or  70  ppm  mox 

0.007X  or  70  ppm  mox 

Chlorides  (os  chlorine) 

0.001  X Of  10  ppm  mox 

0.001  X or  10  ppm  max 

Sulfates 

0.002X  or  20  ppm  max 

0.002X  or  20  ppm  mox 

Arsenic  (as  As|) 

0.00015X  or  1.5  ppm  mox 

0.00015X  or  1.5  ppm  max 

Heavy  Metals  (as  Pb) 

0.0005X  or  5 ppm  max 

0.0005X  or  5 ppm  mox 

Chlorinated  Compounds  (as  Q) 

0.003X  or  30  ppm  max 

0.003X  or  30  ppm  max 

Fatty  Adds  and  Esters 

Mot  more  thon  0.3  ml. 
H/2MoOH  is  absorbed 
by  50  g of  glycerine, 
v^ch  is  equivalent  to 
0.009XosNa20, 

(0.13)  moximum 

Not  more  than  0.3  ml. 
N/2K0OH  is  absorbed 
by  50  g of  glycerine, 
vdiich  is  equivolent  to 
0.009XosHa20, 

(0.12)  maximum 

Superol  b obo  ovailaUe  Ni  Kosher  gni^e. 
CAS  No.  S6-8I-S,  for  bolh  brands. 
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Table  7.209:  Witco  Refined  Glycerine  (26) 


Hydrogenated  Triglycerides 


SPECIFICATIONS 

TTPICAL  CARBON  CHAIN  COMPOSITION 

DESCRIPTION 
(CTFA  ADOPTED  NAME) 

IODINE 

ACID 

SAP 

% 

UNSAP 

COLOR 

MELTING 
POINT  *C 

SATURATED 

UNSATURATB) 

OTHERS 

PRODUCT 

CAS  NUMBER 

VALUE 

VALUE 

VALUE 

MAX 

MAX 

(TTP1CAL) 

C14 

CIS  CIS  C20  C22 

C18:l 

Neustrene 

045 

Hydrogenated 
Marine  Triglycerides 
(Hydrogenated  Menhaden  Oil) 

68424-59-9 

18-30 

6 

188-201 

1 

3 

Gardner 

47 

8 

34  18  11  5 

17 

7 

Neustrene 

053 

Hydrogenated 
Marine  Triglycerides 
(Hydrogenated  Menhaden  Oil) 

68002-72-2 

5 

5 

186-201 

1 

3 

Gardner 

55 

9 

38  20  17  10 

6 

Neustrene 

059 

Hydrogenated 
Tallow  Triglycerides 
(Hydrogenated  Tallow  Glycerides) 
67701-27-3 

5 

10 

193-205 

1 

5 

Gardner 

61 

2 

28  67 

3 

Neustrene 

060 

Refined  Hydrogenated 
Tallow  Triglycerides 
(Hydrogenated  Tallow  Glycerides) 

67701-27-3 

1 

2.5 

193-205 

5.0Y-0.5R 

Lovibond 

62 

2 

28  67 

3 

Neustrene 

064* 

Hydrogenated  Soya  Triglycerides 
(Hydrogenated  Soybean  Oil) 
68002-71-1 

2 

4 

188-200 

1 

3 

Gardner 

66 

11  88 

1 

* Also  available  In  powder  form. 

Typical  moisture  levels  are  below  0.3%. 

Refined  Glycerine 


SPECIFICATIONS**  | 

PRODUCT"* 

GLYCERINE  DESCRIPTION 
(CTFA  ADOPTED  NAME) 
CAS  NUMBER 

SPECIHC 
GRAVITY 
25/25'C,  MIN 

COLOR 

MAX 

RESIDUE 
ON  IGNITION 
ppm 
MAX 

CHLORIDE 
10  ppm 
MAX 

SULFATE 
20  ppm 
MAX 

ARSENIC 
1.5  ppm 
MAX 

HEAVY 

METALS 

Sppm 

MAX 

CHLORINATED 
COMPOUNDS 
30  ppm 
MAX 

%SAP 

EQUIVALENT 

MAX 

FATTY  ACIDS 
AND 

ESTERS*** 

Kemstrene 
99.7%  USP 

99.7%  USP 
(Glycerine) 

56-61-5 

1.2612 

lOAPHA 

70 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Kemstrene 
96.0%  USP 

96.0%  USP 
(Glycerine) 

66-81-5 

1.25165 

70 

Pass 

Pass 

Pass 

Pass 

Pass 

Pass 

Kemstrene  High  Gravity 

High  Gravity*  (Glycerine) 

36-81-S 

1 .2.587 

700 

100  ppm 

0.05 

Pass 

USP  glycerine  meets  USP  standard  for  volatile  t>rganl{-  compoimds. 

Witco  only  provides  USP  glycerine.  Witco  does  not  {iffer  CP. 

' As  per  Federal  Speclllcatlon  0-G-49tc. 

'*  All  tests  run  per  U.S.  Pharmacopoein  2U.  1995  edlUun 

'**  l.O  ml  of  0.5N  NaOH  maximum  is  retpilred  to  neutralize  50  grams  of  glycerine. 


1,2,4-BUTANETRIOL 

HOCH2CHOHCH2CH2OH 

Table  7.210:  Physical  Properties  of  1,2,4-Butanetrlol  (32) 


Boiling  point  at  760  mm.  Hg 

312*  C* 

Purified 

0.17  mm.  Hg 

116*  C 

1,2,4-Butanetrlol 

Fire  point,  Cleveland  open  cup 

393*  F 

Fire  point,  Cleveland  open 

387*  F 

Flash  point 

343*  F 

Flash  point,  Cleveland  open  cup 

332*  F 

Freezing  point 

Supercools  (resistance  to 
crystallization) 

Heat  of  combustion 
Heat  of  formation 

SSS  kcal./mole 

165.1  kcal./moie  (liquid) 

Refractive  index  at  25*  C,  Hq 

1.473 

157  kcal./mole  (gas) 

^ecific  gravity,  d/4 

1.182 

Heat  of  vaporization 

14.0  kcal./mole 

Viscosity  at  25*  C 

1038  cs.  (kinematic) 
1227  cp. 

Speoifio  gravity,  d/4 

1.184 

Weight  per  gallon  at  25”  C 9.86  lb. 

^Decompoaea  before  reaching  boiling  point  at  atmoapheric  pressure.  This 
ia  an  extrapolated  value. 
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1,2,6-HEXANETRIOL 


H0CH2CH0H(CH2)3CH20H 

Table  7.211:  Physical  Properties  of  1,2,6-Hexanetriol  (32) 


Boiling  point  at  5 mm.  Hg 
Coefficient  of  expansion  at  20*  C 
Flash  point,  open  cup 
Freezing  point 


Molecular  weight 
Refractive  index 


178“  C 
0.00054/“  C 
375“  F 

-32.8"  C (freezes  under  controlled 
conditions;  usually  sets  to  glass 
at  below  -20“  C) 

134.17 

1.4771 


Specific  gravity  at  20/20“  C 
A Sp.  Gr./A  t at  10  to  40“  C 
Vapor  pressure  at  20"  C 
Viscosity  at  20"  C 
Weight  per  gallon  at  20“  C 
^ lb. /gal. /A  t 


Table  7.212:  Freezing  Points  of  1,2,6-Hexanetriol-Water  Mixtures  (32) 


1.1063 

0.00059/“C 

Less  than  0.01  mm.  Hg 
2584  cp. 

9,19  lb. 

0.00499“  C 


(I)  Observed 

(II)  Theoretical,  without  hydration 

(111)  Theoretical,  with  complete  hydration 


Table  7.213:  Vapor  Pressure  of  1,2,6-Hexanetriol  (19) 


TEMPERATURE,  “C 
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Table  7.214:  Solubility  of  1,2,6-Hexanetriol  in  Organic  Solvents  (32) 


4cc.  solvent  and  Icc.  triol  at  20®C. 

Acetone  M Ethyl  Acetate  I 

Benzene  I Ethyl  Alcohol  (Absolute) M 

Butanol  M Ethyl  Ether I 

Butyl  Acetate  I Heptane  I 

Butyl  Cellosolve M Isophorone M 

Castor  Oil  I Methyl  Isobutyl  Ketone  I 

Cellosolve  Acetate  I Mineral  Oil  I 

Cellosolve  Solvent  M Pine  Oil  M 

Diacetone  Alcohol  M Toluene  I 

Dibutyl  Phthalote  I Trichlorethylene  I 

Dichlorethyl  Ether  I M = MiaciWe  l = Widbla 


Table  7.215:  Compatibility  of  1,2,6-Hexanetriol  (32) 


4 parts  material  to  1 part  triol 

Animal  Glue  C Gelatin  PC 

Beeswax  I Nitrocellulose  I 

Camauba  Wax  No.  3 I Paraffin  Wax  I 

Casein  C Rosin  I 

Ester  Gum  C I Shellac  PC 

Ethyl  Cellulose  I Zein  C 


C — Compatible  I = Incompatiblo  PC  ~ Parllr  Compatible 


Table  7.216:  Vlecosltles  and  Freezing  Points  of  1,2,6-Hexanetriol  (32) 


1.2,6'Hexaaetrlol. 

Vlacoaity. 

Freeilag  PolnL 

% by  wl.  in  HjO 

In  cpa.  at  100°F. 

•c. 

10 

0.977  

-2.5 

20  

1.37  

-4.5 

30 

2.01  

-7.0 

50 

5.06  

-15.5 
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TRIMETHYLOLPROPANE 


2, 2-D(hydroxymethy  1-1 -Butanol 

Ethyl  Trimethylolmethone 

C2H5C(CH20H)3 

TMP 

Table  7.217:  Physical  Properties  of  Trimethylolpropane  (32) 

Acidity  as  formic  acid 

0.002%  by  wt.,  max. 

Ash 

0.  01%  by  wt. , min. 

Boiling  point  at  5 mm.  Hg  abs. 

160“  C 

50  mm.  Hg  abs. 

210“  C 

760  mm.  Hg  (extrapolated) 

295“  C 

Bulk  density  (free-flowing) 

35.5  Ib/ft’ 

Color  of  10%  aqueous  solution 

5 Pt-Co  units,  max. 

Combining  weight 

44,72 

Fire  point,  Cleveland  open  cup 

380“  F 

Flash  point,  Cleveland  open  cup 

355“  F 

Freezing  point 

59“  C 

Hydro^qrl  content 

37.5%  by  wt.,  min. 

Hygroscopicity  (water  absorbed  in  68  hrs,): 

at  27  “ C and  18  to  26%  RH 

0.00%  by  wt. 

at  25-  C and  29  to  44%  RH 

0.06%  by  wt. 

at  27“  C and  70  to  80%  RH 

0.23%  by  wt. 

Melting  point  range 

57  to  59“  C 

Molecular  weight 

134.18 

Phthalic  color,  Gardner 

1 max. 

Water  content  as  packaged 

0.05%  by  wt,,  max. 

PENTAERYTHRITOL 

CHjOH 

Tetromethylolme  thane 

i 

HOH2C  - C - CH2OH 

1 

PE 

CHjOH 

Table  7.218:  Physical  Properties  of  Pentaerythrltol  (32) 

Ash 

0.01%  by  wt.,  max. 

Bulk  density 

40  Ib./ft.^ 

Dipentaerythritol  (combined) 

0.3% 

Hydrojqrl  content 

47.0%  min.  (technical) 
49.5%  (pure) 

Melting  point  (capillary  final) 

240“  C 

250*  C initial  (pure) 

Melting  point  range 

185-245“  C (technical) 

Moisture 

0.40%  by  wt.  (technical) 
0.10%  by  wt.  (pure) 

Molecular  weight 

136.1 

Monopentae  rythr  itol 

88.0%  by  wt.  (technical) 
97.0%  by  wt.  (pure) 

Nonvolatile 

99.50%  min. 

Specific  gravity  at  25/4“  C 

1.38 
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SORBITOL 


d-Sorbifol 

Sorbit 

Sorbol 

d-G!ucitol 

Table  7.219:  Physical  Properties  of  Sorbitol  (38) 


CH20H(CH0H)4CH20H 


Density  at  -5"  C 
Heat  of  combustion 
Negative  heat  of  solution 
Molecular  weight 
Melting  point,  metastable  form 
stable  form 

Refractive  index  at  25*  C,  in  10% 
aqueous  solution 
Rotation, 


1.472 

3994  cal./gm. 
-26.5  cal./gm. 
182.17 
93*  C 
97.7*  C 

1.3477 
-0.985*  C 


Table  7.220:  Boiling  Point  of  Sorbitol  Solutions  (38) 
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Table  7.223:  Phase  Diagram  of  Sorbitol  Solubility 
In  Hydroalcohollc  Liquids 
at  25‘C  (38) 


Table  7.224:  Solubility  of  Sorbitol  In  HydrO' 
alcoholic  Liquids  at  25*0  (38) 


Table  7.225:  Viscosity  Curve  for  Pure  d-SorbItol  Solutions  of  Various  Concentrations  (38) 
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SUGAR  ALCOHOLS 

Table  7.226:  Physical  Properties  of  the  Sugar  Alcohols  (38) 


Melting 

point, 

Optical 
activity 
in  HjO, 

Solubility, 

Heat  of 
combustion, 
constant 
volume, 

Sugar  alcohol 

"C 

lalo 

g/100gH,O* 

kcal/mole 

tetritolB 


erythritol 

120 

meso 

61  5 

499.9(94) 

D-threitol 

88  5-90 

+ 4.3 

very  soluble 

L-threitol 

88  5-90 

-4.3 

D,L-threitol 

t>entitols 

69-70 

ribitol 

102 

meso 

very  soluble 

xylitol 

61-61.5 

meso 

179 

(meta- 

stable) 

93-94  5 

(stable) 

D-arabitol 

103 

+ 131- 

very  soluble 

i>-arabitol 

hexitols 

102-103 

-130- 

611  7(124) 

allitol 

155 

meso 

very  soluble 

dulcitol 

189 

meso 

3.2(15"  C) 

720.3(94) 

sorbitol  (D'glucitol) 

90.4-91.8 

(meta- 

stable) 

‘#6  7-97  7 

-1.98 

235 

723.5(6) 

(stable) 

L-glucitol 

89-91 

+ 1.7 

D,L-glucitol 

135-137 

D-mannitol 

166 

-0.2 

21.3 

722.1  (6) 

L*mannitol 

162-163 

D,L*mannitol 

168 

D-talitol 

88-89 

+3.2 

very  soluble 

L-talitol 

87-88 

-2.9 

D.Lrtalitol 

95-96 

D-iditol 

73.5 

+3.5 

Lriditol 

heptitols 

75.7-76.7 

-3.5 

ylycero-(^  fo-heptitol 

129 

meso 

very  soluble 

D-glycer<hD-ido-hepi\io\ 

129 

+0.7 

very  soluble 

perseitol 

187 

-1.1 

7.4(18"  C) 

835.8(124) 

volemitol 

octitol 

153 

+ 2.15 

22.2(14"  C) 

D-erythro~D-galacto- 

octitol 

169*170 

-11^ 

* In  aqueous  molybdic  acid  (46). 

* In  5%  aqueous  ammonium  molybdate  (27). 

* At  25°C  unless  otherwise  indicated. 
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Table  7.227:  (continued) 


Alcohol 


Number 

of  C Name 

.Atoms 


p-Menthane-1 ,2, 
4,8-tetrol 


jj-Menthune-1 ,2, 
3,4-tetrol 


2,2*-Dihydrox>- 
6,6'"bis  (a  - 
hydroxy benz- 
hydryl)  -diphenyl 


C.  Pentahydrtc  Alcohols 


Viburnitol 

6 {cyclohexane- 

2,3,5/  4,6-pentol) 


Inositol  bromo- 
hydrin 

Inositol  chloro- 
hydrin 

Scyllitol  chloro- 
hydrin 


1 -Metnylene- 

7 cyclohexane-2,4, 

6/3,5-pentol 


Skeletal 

Structural 

Formula 


OH 


HO  1 j 
OH 


(OH)s  Br 
CeHe  (OH)s  Cl 
CftHg  (OH)s  Cl 


1 

OH 


D.  Hexahydric  Alcohols 

6 (+)-Sorbitol  HOHj  C (CHOH)*  CHjOH 


6 


meso-lnositol 
(1, 2,3, 5/4,6- 


andJ.-Inositols 
(active)  (1 ,3,4/2, 
5,6-cyclohexane- 
hexoi) 


OH  OH 


6h  6h 


Hydrate 


M.p. 


M.  p. 


(“C) 


("C) 


149 


100 


n in 

H(OH).  nHiO 


1 


130 


1 


308 


141-145  2 


181  ---  1 


170-5 

180-5 


1 

2 

2 


205  2 


111 


55  1 

75  0.5 


225  2 


248  — 2 


Phenols 


Table  8.1:  Phenol  (2) 


Carbolic  Acid 


C^H,OH 

O 0 


PHYSICAL  PROPERTIES  OF  PHENOL 

Boiling  point  181. 6*C 

Distillation  range  95%  distills  within  a 

range  of  1 , 5*C 


Flash  point  (Open  cup) 

Freezing  point 

MAC 

Odor 

Purity 

Solidifying  point 

Solubility  in  water,  above  68* C 
at  20*C 

Specific  gravity  at  4l/4*C 
Toxicity 


175*F 

Not  less  than  40 *C 
5 ppm  in  air 
Characteristic 
98%,  min. 

Not  less  than  40.7*C 

In  all  proportions 
8.3% 

1.058 

Highly  toxic 


PHENOL  FORMS  BINARY  AZEOTROPES  WITH 


% 

B.P.  of  Azeotrope  °C. 

% 

B.P.  of  Azeotrope  °C. 

92.2 

Acetophenone 

202.0 

28 

Heptyl  alcohol 

185.0 

22 

Amyl  ether 

180.2 

55 

Indene 

173.2 

58 

Aniline 

186.2 

85 

Isoamyl  ether 

172,2 

49 

Benzaldehyde 

185.5 

74 

Isobutyl  carbonate 

192.5 

55 

Beiizylamine 

196.8 

17 

Isopropyl  lactate 

184.8 

57 

m-Bromotoluene 

175.7 

79 

Mesitylene 

163.5 

60 

o - B r omotoluene 

174.4 

20 

2-Methylcyclohexanol 

183.1 

37 

2 -Butoxyethanol 

186.4 

77 

Methyl  fumarate 

194.9 

54 

Butylbenzene 

175.0 

33 

Methylheptenone 

184.6 

30 

Butyl  isovalerate 

184.0 

32 

2 -Octanone 

184.5 

78 

Camphene 

156.1 

87 

n-Octyl  alcohol 

195.4 

97 

O'ChlorotoIuene 

159.0 

50 

sec  -Octyl  alcohol 

184.5 

28 

Cine  ole 

182.9 

65 

o-Phellandrene 

165.0 

13 

Cyclohexanol 

183.0 

82 

Phorone 

198.8 

28 

Cyclohexanone 

184.5 

29 

Pinacol 

185.5 

65 

Oecane 

168,0 

81 

o-Pinene 

152.8 

59 

Ethyl  oxalate 

189.5 

75 

Pseudocumene 

166.0 

75 

Fenchone 

196.2 

55 

Terpinene 

171.5 

60 

Glycol  diacetate 

189.9 

60 

Thymene 

172.3 
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Aldehydes 


FURFURAL 


Furfuraldehyde 

Furol 

Pyromucic  Aldehyde 


CH CH 

II  II 

CH  ^C-CH=-0 
^0^ 


Table  9.1:  Properties  of  Pure  Furfural  (46) 


Furfural  (2-furaldehyde),  C4H30CH0,  is  a liquid  aldehyde  with  a pungent  almond-like  odor.  Colorless  when  freshly 
distilled,  it  darkens  on  contact  with  air.  Industrial  furfural  is  light  yellow  to  brown  in  color. 


General 


Molecular  weight 

96  08 

Boiling  point  (at  760  mm),  °C  (°F) 

161.7(323.06) 

Freezing  point,  °C  f F) 

-36.5  (-33.7) 

Refractive  index  (nt  D) 

at  20°  C (68°  F) 

1.5261 

at  25°  C (77°  F) 

1.5235 

Density  (d  t/4) 

at  20°  C (68°  F) 

1.1598 

at  25°  C (77°  F) 

1.1545 

Vapor  pressure 

See  Table  9,7 

Vapor  density  (air=1) 

3.3 

Thermodynamic  properties 

Heat  of  vaporization,  g cal/g  mole 

11,614.6 

Specific  heat  (liquid),  cal/g/deg 

1 4 to  80°  C (57.2  to  176°  F) 

0.401 

20  to  100°  C (68  to  21 2°  F) 

0.416 

Thermal  conductivity, 

Btu/(hr)  (ft*)(°F/ft)at100°F 

0.1525 

cal/(sec)  (cm*)  (°C/cm)  at  38°  C 

6.3  X 10-* 

Heat  of  combustion  (liquid),  A H»,.2  kcal/mole  -560.3 

Fluid  properties 

Viscosity,  cps,  at  0°  C (32°  F) 

2.48 

at  25°  C (77°  F) 

1.49 

at38°C(100.4*F) 

1.35 

at  54°  C (129.2°  F) 

1.09 

at  99°  C (21 0.2°  F) 

0.68 

Surface  tension,  dynes/cm 

atO°C(32°F) 

43.5 

at  29.9°  C (85.9°  F) 

40.7 

at  30.0°  C (86°  F) 

41.1 

Vapor  diffusion  coefficient,  cm^/sec 

at  ire  (62.6°  F) 

0.076 

at25°C(7r  F) 

0.087 

at  50°  C (122°  F) 

0.107 

(continued) 
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Table  9.1:  (continued) 


Electrical  properties 


Dielectric  constant 

af  1°  C (33.8°  F) 

46.9 

af  20°  C (68°  F) 

41.9 

af  25°  C (77°  F) 

38 

af50°C(122°  F) 

34.9 

Specific  conductivity,  mho 

Minimum 

0.26  X 10-‘ 

Maximum 

0.37  X 10-‘ 

other  properties 

Critical  pr^sure,  psia 

798 

kg/cm2 

56.1 

Critical  temperature,  ° C f F) 

397(746.6) 

Molar  volume.  25°  C,  ml/mole 

83.19 

Molecular  association 

1.11 

Solubility  in 

water,  wt.  % at  20°  C (68°  F) 

83 

alcohol 

00 

ether 

00 

Note:  Furfural  Is  miscible  with  most  common  organic 
solvents  except  saturated  aliphatic  hydrocarbons. 

Flammability  properties 

Explosive  limits  (%  by  vol.) 

Lower  limit  (at  125°  C [257°  F]  and  740  mm  Hg)  2.1 
Flash  point 

Tag  closed  cup,  *C(°F)  61.7(143) 

Pensky-Martens.*C(°F)  61.7(143) 

(Based  on  flash  point,  furfural  is  classified  as  Class  III  A.*) 
Ignition  temperature,  'C  (°F)  393  (739) 

Note: 

Furfural  has  a high  order  of  fhermal  stability  in  the  absence 
of  oxygen.  At  temperatures  as  high  as  230°  C (446°  F), 
exposure  for  many  hours  is  required  to  produce  detectable 
changes  in  the  physical  properties  of  furfural,  with  the 
exception  of  color  (29). 


‘Refers  to  Code  of  Federal  Regulations;  29CFR  1910.106. 


Table  9.2:  Typical  Properties  and  Specifications  of  Furfural  (2) 


Acidity,  as  acetic 

Technical  0.3% 

Refractive  index  at  68"F 

1.5261 

ReGned  0.1% 

Solubility  in  water  at  20"C 

8.3% 

Boiling  point 

158-162"C 

SpeciGc  gravity  at  20/20"C 

1.161 

Density  at  60**F 

1.164 

1.158-1.160  Technical 

100* 

1.140 

1.59-1.161  ReGned 

150" 

1.110 

Surface  tension 

49  dynes/cm. 

175" 

1.095 

Vapor  pressure  at  60"F 

0.035  Ibs./sq.  in.  abs. 

200* 

1.080 

100* 

0.130  Ibs./sq.  in.  abs. 

250* 

1.049 

150" 

0.540  Ibs./sq.  in.  abs. 

300" 

1.019 

175" 

0.950  Ibs./sq.  in.  abs. 

Distillation  range  (Engler) 

200" 

1.650  Ibs./sq.  in.  abs. 

1%,  "F  fmin.) 

300 

250" 

4.40  Ibs./sq.  in.  abs. 

End  point,  "F  (max.) 

33,5 

300" 

11.50  Ibs./sq.  in.  abs. 

Recovery,  % (min.) 

98.5 

350" 

22.50  Ibs./sq.  in.  abs. 

Residue,  % (max.) 

0.9 

400" 

43.5  Ibs./sq.  in.  abs. 

Loss,  % (max.) 

0.9 

450" 

77.0  Ibs./sq.  in.  abs. 

Explosive  limit,,  lower 

2.1%  at  257“F 

Viscosity  at  100*F 

1.35  centipoiaes 

Flash  Point  (Cleveland  Open  Cup) 

131-5"F 

130" 

1.09  centipoises 

Freezing  point 

-34"F 

210 

0.68  centipoises 

Heat  of  Vaporization 
Purity 

107.51  cal./g 
98.5%  Technical 
99.0-99.5%  ReGned 

Weight  per  gallon  (20"C) 

9 lbs. 
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Table  9.3:  Solubility  of  Various  Substances  In  Furfural  (46) 


Acetone  S 


Acids: 


Abietic  (technical) 

9.4 

Acetic 

S 

Benzoic 

14.8 

Butyric  (technical) 

S 

Cinnamic 

4.1 

Citric 

3.6 

Formic 

S 

Lactic 

S 

Maleic 

R 

Naphthenic  acids  (practical) 

S 

Oleic  (U  S. P) 

S 

Oxalic 

4.8 

Oxalic  (anhydrous) 

3.6 

Palmitic  (technical) 

1.6 

Phthalic 

17.6 

Propionic  (technical) 

S 

Salicylic 

11.0 

Sebacic  (mp  132-133®  C 

[269.6-271.4®  F]) 

0.8 

Stearic  (U.S.P) 

2.1 

Succinic 

30 

Tartaric 

10.9 

Alcohols: 

Amyl 

M 

n-Butyl 

S 

Ethylene  glycol 

s 

Glycerol 

2. 1-2.8 

Isobutyi  S 

n-Octyl  S 

Amyl  acetate  M 

Benzene  S 

Butyl  acetate  M 

Carbon  tetrachloride  S 

Castor  oil  M 

Chinawood  oil  M 

Chloroform  S 

Diethylene  glycol  monobutyl  ether  M 

Diethylene  glycol  monoethyl  ether  M 

Diethyl  phthalate  M 

Ethyl  acetate  S 

Ethylene  glycol  S 

Ethylene  glycol  monobutyl  ether  M 

Ethylene  glycol  monoethyl  ether  M 

Ferric  chloride  0.55 

Ferric  chloride  hexahydrate  20.0 

Hydrogen  cyanide  M 

Linseed  oil  M 

Nitrobenzene  M 

Nitrotoluene  M 

Paraldehyde  M 

Pyridine  S 

Quinoline  S 

Toluene  S 

Xylol  M 

Zinc  chloride  20,6 


S=infinitely  soluble 
M=miscible  in  equal  volume  at  room 
temperature 
R= reaction 


Table  9.4:  Solubility  of  Selected  Thermoplastic  Resins  In  Furfural  (46) 

(At23°C[73  4°F]) 


RESIN  TYPE 

MANUFACTURER 

SOLVENT 

ACTION 

Nitrocellulose 

Hercules  (RS) 

VS 

Ethylcellulose 

Hercules  (N-50) 

VS 

Cellulose  acetate 

Eastman 

VS 

butyrate 
Polyvinyl  butyral 

Union  Carbide 

SiVSH 

(Bakelite*) 

Vinyl  acetate 

Union  Carbide 

(Bakelite*) 

SH(B) 

Vinyl  acetate 

Union  Carbide 

chloride 

(Bakelite®) 

SH(B) 

PVC 

Uniroyal  (Marvinol® 

VR-10) 

1 

RESIN  TYPE 

MANUFACTURER 

SOLVENT 

ACTION 

PVC 

Goodrich  (Geon® 
222) 

SH 

Nylon 

Du  Pont  (Zytel®31) 

1(B) 

Nylon 

Du  Pont  (Elvamide) 

1(B) 

Polyethylene 

Du  Pont  (Alathon®) 

1(B) 

Acrylic 

Du  Pont  (Lucite® 
140) 

SH  (B) 

Acrylic 

Du  Pont  (Lucite* 

130) 

VS 

Polystyrene 

Dow  (PS-3) 

SH 

S“Soluble  from  1 g to  10  g per  100  g solvent 
VS=Soluble  10  g or  more  per  100  g solvent 
Temperature.  70-75®  C (158-167®  F);  time 
one  hour 
B=Cloudy 

1 =Less  than  1 g per  100  g solvent 
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Table  9.5:  Specific  Gravity  and  Pounds  per  Gallon  of  Furfural  f46) 


(Change  per“C:  Sp.  Gr -0.00110;  lbs  /gal. -0.00917) 


TEMPERATURE 
•F  *C 

SP.GR.' 

LBS.'OAL. 

TEMPERATURE 
"F  *C 

«P  OR.’ 

LBS./QAL. 

122.0 

50 

1.127 

9403 

57.2 

14 

1.167 

9.733 

118  4 

48 

1.129 

9421 

53.6 

12 

1.169 

9.752 

114  8 

46 

1.131 

9.440 

50.0 

10 

1.171 

9.770 

1112 

44 

1.134 

9458 

46.4 

8 

1.173 

9.788 

107.6 

42 

1.136 

9.476 

42.8 

6 

1.175 

9.807 

104.0 

40 

1.138 

9.494 

39.2 

4 

1.178 

9.825 

100.4 

38 

1.140 

9.502 

35.6 

2 

1.180 

9.833 

968 

36 

1.142 

9.531 

32.0 

0 

1.182 

9.861 

93.2 

34 

1.145 

9 549 

28.4 

- 2 

1.184 

9.879 

896 

32 

1.147 

9.568 

24.8 

- 4 

1.186 

9.898 

86.0 

30 

1.149 

9.586 

21.2 

- 6 

1.189 

9.916 

82.4 

28 

1.151 

9.604 

17.6 

- 8 

1.191 

9.935 

78  8 

26 

1.153 

9.623 

14.0 

-10 

1.193 

9.953 

75.2 

24 

1.156 

9631 

10.4 

-12 

1.195 

9.971 

71.6 

22 

1.158 

9.660 

6.8 

-14 

1.197 

9.990 

68.0 

20 

1.160 

9.678 

3.2 

-16 

1.200 

10.008 

64.4 

18 

1.162 

9.696 

-1.6 

-18 

1.202 

10.027 

60.8 

16 

1.164 

9.715 

-4.0 

-20 

1.204 

10.045 

^ Referred  to  water  at  4®C. 


Table  9.6:  Composition/Density  of  Furfural- 

■Water  Solutions'  f46} 

f 

t® 

OENSITV- 

OENSITY- 

A 

FURFURAL 

4 

FURFURAL 

H 

p.  BY  WEiOHT) 

20‘C 

2PC 

(V  BY  WEIGHT) 

20‘C 

iFC 

0 

0.9982 

0.9971 

4.6 

1.0068 

1.0054 

0.2 

0.9986 

0.9974 

4.8 

1.0072 

1.0058 

0.4 

0.9990 

09978 

5.0 

1.0075 

1.0062 

0.6 

0.9993 

09982 

5.2 

1.0079 

1.0065 

0.8 

0.9997 

0.9985 

5.4 

1.0083 

1.0069 

1.0 

1.0001 

0.9989 

5.6 

1.0086 

1.0073 

1.2 

1.0005 

0.9993 

5.8 

1.0090 

1.0076 

1.4 

1.0008 

0.9996 

6.0 

1.0094 

1.0080 

1.6 

1.0012 

1.0000 

6.2 

1.0098 

1.0084 

1.8 

1.0016 

1.0003 

6.4 

1.0101 

1.0087 

2.0 

1.0020 

1.0007 

6.6 

1.0105 

1.0091 

2.2 

1.0023 

1.0011 

6.8 

1.0109 

1.0094 

2.4 

1.0027 

1.0014 

7.0 

1.0113 

1.0098 

2.6 

1.0031 

1.0018 

7.2 

1.0116 

1.0102 

2.8 

1.0034 

1.0022 

7.4 

1.0120 

1.0105 

3.0 

1.0038 

1.0025 

7.6 

1.0124 

1.0109 

3.2 

1.0042 

1.0029 

7.8 

1.0127 

1.0113 

3.4 

1.0046 

1.0033 

8.0 

1.0131 

1.0116 

3.6 

1.0049 

1.0036 

8.2 

1.0135 

1.0120 

3.8 

1.0053 

1.0040 

8.3* 

1.0137 

1.0122 

4.0 

1.0057 

1.0044 

8.4 

— 

1.0124 

4.2 

1.0060 

1.0047 

8.6» 

— 

1.0127 

4.4 

1.0064 

1.0051 

>a!ns.  G.H.,  Cham.  & Met.  Eng.,  26,779  (1922). 
3Saturated  solution  of  furfural  in  water  at  20®C  (68®F). 
Saturated  solution  of  furfural  in  water  at  25®C  (77®F). 


Table  9.7;  Vapor  Pressure  of  Furfural  (46} 


TEMPERATURE,  *C  ("F) 


Table  9.8:  Solution  Temperature  of  Furfural-Water 
System  (46) 


LEGEND: 

O MS'OS.G  H .CtMm.ftMet.  Eng.,  26.  779(1922) 

X Evans.  W V and  Ayleswofth,  M B .Ind.  Eng.  Cham.  18.  24(1926) 
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Table  9.9:  Temperature-Composition  Diagram  of  Furfural- 
Water  System*  (46) 


Table  9.10:  Vapor-Liquid  Equilibrium  in  the  Furfural 
Water  System’  (46) 


PRESSURE— 760  mm  Hg 
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COMPOSITION.  WEIGHT  PERCENT  FURFURAL 

-Mains.  G H . Chem.  & Met.  Eng.,  26.  779(1922) 


(PRESSURE  = 760  mm  Hg) 
% FURFURAL  BY  WEIGHT 


COMPOSITION 

COMPOSITION 

OF  LIQUID 

OF  VAPOR 

0.2 

1.5 

0.4 

3.0 

0.6 

4.4 

0.8 

5.8 

1.0 

7.0 

1.5 

10.0 

2.0 

12.7 

2.5 

15.0 

3.0 

17.1 

3.5 

19.0 

4.0 

20.7 

4.5 

22.2 

5.0 

23.6 

5.5 

24.8 

6.0 

25.8 

6.5 

26.8 

7.0 

27.7 

7.5 

28.5 

8.0 

29.2 

8.32 

29.6 

8.5 

29.9 

9.0 

30,5 

10.0 

31.7 

11.0 

32.6 

12.0 

33.3 

13.0 

33.9 

14.0 

34.4 

15.0 

34.7 

16.0 

34.8 

17.0 

34.9 

18.0 

35.0 

18. 43 

35.0 

18.4-84.1" 

35.0 

BOILING  POINT 


•c 

•F 

99.90 

211.8 

99.82 

211.68 

99.74 

211.53 

99.67 

211.41 

99.60 

211.28 

99.42 

210.96 

99.25 

210.65 

99.11 

210.40 

98.99 

210.18 

98.87 

209.97 

98.76 

209.77 

98.66 

209  59 

98.58 

209.44 

98.50 

209.30 

98.43 

209.17 

98.37 

209.07 

98.31 

208.96 

98.26 

208.87 

98.21 

208.78 

98.19 

208.74 

98.17 

208.71 

98.13 

208.63 

98  07 

208.53 

98.02 

208.44 

97.98 

208.36 

97.95 

208.31 

97.93 

208.27 

97.92 

208.26 

97.91 

208.24 

97.91 

208.24 

97.90 

208.22 

97.90 

208.22 

97.90 

208.22 

^Mains,  G.H.,  Chem.  & Met.  Eng.,  26.  779  (1922). 
^Saturated  solution  of  furfural  in  water  at  20“  C (68®  F). 
^Saturated  solution  of  furfural  in  water  at  the  boiling  point. 
*Range  over  which  both  furfural  and  water  layers  are 
present. 
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Table  9.13:  Physical  Properties  of  Various  Aldehydes  (19) 


Purity  of  Apparent  Vapor  Solubility. 

Formula  Tettod  Specific  Boiling  Presauro,  Freezing  % by  weight  at  20*  C. 

Molecular  Sample,  Gravity,  Point,  mm.  Hg  Point, 

Foniiul.  W«I«W  JJbFWi.  20/20*C.  *C..  7»  »i».  .1 20PC.  *C.  InWil.r  W.l.r  In 

Pounds 

Per  Gal.  Flash 

at  Point, 

2®-C.  *F. (a) 

HCHO  30.03  (c)  0.816(g)  -19.1  3284  -117  Complete 

9.24(h)  None 

Paraldehyde  ICH.CHOI,  132.16  (c)  0.9961  124  26  12.6  10.5  1.1 

8.27  96 

Propiottaldehyde  C.HsCHO  58.08  (c)  0.7982  48.0  2M  -80  22  35 

Butyraldehyde  C,H,CHO  72.11  (c)  0.8028  74.8  M.5  -96.4  7.1„.c.  3.0„-c 

Isobutyraldehyde  CH,CH(CH,X:H0  72.11  (c)  0.7905  64.1  138  6.5  2.9 

6.72  <0 

6.69  15 

6.58  13 

Valeraldehvde  C,H,CHO  86.13  (c)  0.8109  103.0  26  -91  1.35  1.35 

2-Methylpentaldehyde  C,H,CH(CH,)CHO  100.16  (c)  0.8102  118  14 

2.3.Dimethyl  Pentaldehyde  C,H,CH(CH,X:H(CH,X:H0  114.19  (c)  0.8293  140.5  5 -110  0.21  0.60 

6.75  54 

6.74  72 

6.91  94 

ArrolPin  CH,:CHCHO  56.06  99  0.8427  53  220  —87.0  20.6  6.8 

7.02(0  <0(0 

Tetrahydrobenzaldehyde  CH,CH:CHCH,CH,CHCHO  110.16  99.8  0.9721  165  2 -100(d)  0.5  1.0 

8.08  135 

UCARGIyo«|40(a<,.sol.)  OHCCHO  58.04  (e)  1.2798  -15  Complete 

UCAR  Glyoxal  LV  k 

10.65  None 

10.69  None 

Glutaraldehyde,25%aq.sol.  OHCC,H,CHO  100.12  (e)  1.062  17  -7.0 

Glutaraldehyde,  50%  aq.  sol.  OHCC,H,CHO  100.12  (e)  1.124  17  -14.0  Complete 

8.83  None 

9.38  None 

(a)  All  flash  points  were  de term* ned  by  either  ASTM  method  0 1310 
using  Tag  open  cup  or  ASTM  method  0 92  using  Cleveland  open 
cup. 


ic)  99+  mol  per  cent  material. 

(d)  Sets  to  glass  below  this  temperature. 

(c)  Typical  commercial  material. 

(f)  Made  from  anhydrous  isopropanot  diluted  with  demineral ired 

water. 

(g)  Tiim  density  at— 19*C. 

(h)  Solution. 

(i)  lohibitod  material. 
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Table  10.1:  Dimethyl  Ether  (34) 


Methyl  Ether 


CH3-O-CH3 


Physical  Properities 


Molecular  weight  (calc.)  ...... 

Boiling  point  at  760  mm 

Vapor  pressure  at  20'C 

Freezing  point 

Density  at  20*C 

Vapor  density  (air  = l.O) 

Critical  pressure 

temperature 

density 

Heat  or  combustion,  gas 

Heat  of  formation,  gas 

Heat  of  melting 

Heat  of  vaporization  at —24.8*’C  . . 
Free  energy  of  formation,  25“C  . . . 

Entropy  at  25®C 

Specific  heat  at  -27.68’C 

Surface  tension,  liquid- vapor  interface, 
at  -40“C 


46.07 

-24.9X' 

5.24  atm 
-141. 5*C 
0.661  g/ml 
1.59 

52.5  atm 
128.8‘C 
0.2714  g/ml 
347.6  kcai/molc 
—44.3  kcal/molc 
25.621  cal/g 
11 1.64  cal/g 
— 27.3  kcal/molc 
63.72  cal/'C-molc 
0.5351  cal/g 

21  dyncs/cm 


-20 18 

-10  16 


Viscosity  of  gas  at  O'C,  x 10’  . . 

20 

Dielectric  constant  at  25^'C  .... 
Flash  point,  Tag  closed  cup.  . . . 

Autoignition  temperature 

Explosive  limits,  % by  vol.  in  air  . 
Solubility*  in  water  at  24’C  . . . 
Solubility*  of  water  in  methyl  ether 

at24"C 

Solubility  in  gasoline  (unleaded) 

at  -40“C 

0 

25  

Solubility  at  25'’C  in: 
carbon  tetrachloride  at  782  mm  . 


acetone 762 

benzene  .....  761 

chlorobenzene.  . . 795 

methyl  acetate . . . 704 

* At  about  5 atm. 


. . 825 
. . 855 
. . 5.02  c.s.u. 

. . -42“F 
. . 662'F 
. . 3.45-26.7% 

. . 35.3%  by  wt. 

.7.0%  by  wt. 

. . 64%  by  wt. 

. . 19 
. . 7 

. . 16.33  mole  % 
. . 11.83 
. . 15.29 
. . 18.55 
. . 11.17 


SOME  PHYSICAL  AND  THERMODYNAMIC  PROPERTIES  OF  DIMETHYL  ETHER 
AT  VARIOUS  TEMPERATURES 


Tem- 

perature 

Vapor 

pressure 

atm. 

Density 

Dielec- 

tric 

constant 

Heat  of 
vapori- 
zation 
kcol/kg 

Enthalpy 

Entropy 

liquid 

g/ml 

vapor 

g/ml 

liquid 

kcal/kg 

vapor 

kcal/kg 

liquid 

cal/(g)(°K) 

vapor 

cal/igjCK) 

- 40 

0.392 

— 



— 

116.13 

77.58 

193.71 

0.9109 

1.4090 

- 30 

0,741 

— 

— 

— 

113.17 

83.08 

196.25 

0.9342 

1.3996 

- 20 

1.35 

0.7174 

0,0027 

— 

110.12 

88.64 

198.76 

0.9568 

1.3918 

- 10 

1,97 

.7040 

.0039 

— 

106.95 

94.23 

201.23 

0.9787 

1.3851 

0 

2.80 

.6905 

.0055 

— 

103.64 

100.00 

203.64 

1.0000 

1.3794 

10 

3.86 

.6759 

.0076 

— 

100.17 

105.79 

205.96 

1.020G 

1.3744 

20 

5.24 

.6610 

.0104 

5.15 

96.44 

111.75 

208.19 

1.0410 

1.3700 

30 

7.00 

.6455 

.0142 

4.90 

92.64 

117.60 

210.24 

1.0604 

1.3660 

40 

9.06 

.6292 

.0188 

4.67 

88.48 

123.63 

212.11 

1.0795 

1.3620 

50 

11.6 

.6116 

.0241 

4.41 

— 

— 

— 

— 

— 

60 

14.7 

.5932 

.0306 

4.18 

— 

— 

— 

— 

— 

70 

18.4 

.5735 

.0385 

3.93 

— 

— 

— 

— 

— 

80 

22.7 

.5517 

.0484 

3.70 

— 

— 

— 

— 

— 

90 

27.4 

.5257 

.0623 

3.48 

— 

— 

— 

— 

— 

100 

33.0 

.4950 

.0810 

3.25 

— 

— 

— 

— 

— 

110 

39.5 

.4575 

.1060 

3.00 

— 

— 

— 

— 

— 

120 

46.6 

.4040 

.1465 

— 

— 

— 

— 

— 

— 

(continued) 
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Table  10.1:  (continued) 


Some  Properties  of  (CH3)jO-BF3 


Molecular  weight  (calc.)  . 

. 113.89 

Melting  point 

-12'C 

Boiling  point 

128'C 

Density  at  20®C  .... 

. 1.241  g/ml 

Vapor  pressure  at  30  ®C  . 

. 6.1  torr 

at70®C  . 

. 52.7  torr 

Surface  tension  at  20.6  ®C 

. 33.03  dynes/cm 

Dissociation  constant  . . 

. log  (-2983)/ 

T + 7.228 

Binary  Azeotropes  Containing  Dimethyl  Ether 


Component  A 

Azeotrope 

Boiling  Compo- 

point. 

nent  A, 

°C 

%bywt 

Boron  trifluoride 

127 

60 

Hydrogen  chloride 

-2 

38 

Ammonia  at  1 atm 

-37 

42.5 

at  11  atm  .... 

25 

56 

Sulfur  dioxide  at  1 atm  . . 

0 

65 

at  56.1  atm 

6.6 

60 

at  77.1  atm 

12.1 

60 

at  108.7  atm  . 

26.7 

60 

Dichlorodifluoromethane 
at  3 atm 

0 

90 

Sk^lubilMy  of  Methyl  Ether  at  Various  Pressures 


Temperature  = 25'''C 


C'urhon  ictiuchloridc 

Acetone 

Benzene 

Chlorobenzene 

' Methyl  acetate 

Methyl 

Methyl 

Methyl 

Methyl 

Methyl 

p.mni 

ether. 
Mole  % 

p.mm 

ether, 
Mole  % 

ether, 
Mole  y: 

p.mm 

ether. 
Mole  % 

p.mm 

ether, 
Mole  X 

112.4 

U.OOO 

229.2 

0.0 

91.7 

0.0 

M.6 

0.0 

211.4 

0.0  ^ 

2.n.6 

3.0 

111,7 

1.79 

196.9 

2.. 10 

120.4 

6.21 

291.2 

1.75 

MU 

5.V6 

401.1 

1.78 

172.6 

6.12 

110.5 

7.20 

440.6 

5.08 

4M.H 

«.52 

548.2 

7.01 

501.0 

9.12 

42.1.1 

9.74 

576.0 

8.17 

(»I2.« 

12.17 

650.8 

9.11 

6.14.8 

12.29 

550.H 

12.78 

7<M.4 

11.17 

782.4 

16..3J 

762.1 

11.81 

761.4 

15.29 

795.1 

18.55 

KI2.1 

1.1.65 

y.12.7 

19.9.1 

9.19.1 

15.77 

911.0 

18.84 

957.9 

22,14 

921.5 

16.27 

1072.9 

23.. 10 

1075.0 

18.91 

1006.7 

21.00 

1072.1 

24.71 

10.19.7 

19.50 

Table  10.2:  Chlorodimethyl  Ether  (2) 

CH3-0-CH2CI 

Chlorodimethyl  ether  is  a colorless  liquid  which  decomposes 
in  water  and  in  hot  ethyl  alcohol.  It  is  soluble  in  acetone, 
carbon  disulfide  and  concentrated  hydrochloric  acid. 


Physical  Properties 


Boiling  Point  (760  mm,  Hg),  ®C . 
Dipole  Moment 

59 

In  Carbon  Tetrachloride  D 

1.88 

In  Benzene  D 

1.82-1 .85 

Melting  Point,  °C . 

-103.5 

Molecular  Weight 

80.52 

Purity 

90%  min . 

20 

Refractive  Index  n p 

1 .39737 

20 

specific  Gravity  D ^ 

1 .0703 
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Table  10.3:  Chloromethyl  Ethyl  Ether  (2) 

CICH2-O-CH2-CH3 

This  ether  is  a colorless  liquid  which  is  an  irritant  to  the  mucous 
membranes.  It  is  used  as  a raw  material  in  organic  syntheses. 


Physical  Properties 

Assay  (chlorine) 

Boiling  Range,  760  mm.  Hg,  ®C. 

r.  . r.20 

Density  D^ 

20 

Refractive  Index  n 


App.  98% 

79-83 


1 .03  - 1 .05 


1 .40  - 1 .41 


Table  10.4:  Ethyl  Ether  (1)  (19) (23) (49) 

Ether 

Ethyl  oxide  C2H5— O— C2H5 

Sulfuric  ether 


Typical  Properties  and  Specifications 


Apparent  ignition  temperature  in  air 

190®C. 

Boiling  point  at  760  mm. 

34.5®C. 

Coefficient  of  expansion 

0.00164  per  1®C. 

Constant-boiling  mixtures  (%  by  wt.) 
Ethyl  ether  99%  Carbon  disulfide 

1 .0®/o 

B.P.  at  760  mm.  34.5®C. 

Ethyl  ether  44.5%  Methyl  formate 

55.5% 

B.P.  at  760  mm.  28.2®C. 

Ethyl  ether  98.9%  Water 

1 .l®/o 

B.P.  at  760  mm.  34.1®C. 

Electrical  conductivity  at  25®C  . 

4 X 10“^^  recip.  ohm 

Explosive  limits 

2.34-  6.15®/o 

Flash  point 

-40®F. 

Freezing  point 

-116.2®C. 

Heat  of  combustion 

651  Cal  ./mol 

Heat  of  vaporization 

83.96  cal  ./g  at  B.P , 

Refractive  index  at  17®C. 

1 .3542 

Specific  gravity  at  20/20®C. 

0.7146 

Specific  heat  at  30®C. 

0 .5476  cal  ./g . 

Surface  tension  at  20®C. 

17.0  dynes/sq . cm. 

Solubility  in  water  at  20®C. 

6.9%  by  wt. 

Solubility  of  water  in  solvent  at  20®C. 

1 .3%  by  wt. 

Viscosity  at  20®C . 

0 .00233  poise 

Vapor  pressure  at  20®C . 

442.0  mm.  Hg 

Weight  per  gallon  at  20®C. 

5.95  lbs. 

Weight  per  gallon  at  17®C. 

5.3542  lbs. 

Acidity  (as  acetic) 

0.002%  by  wt.,  max. 
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Table  10.5:  Flammability  of  Ethyl  Ether-Oxygen-Hellum  Mixture  (1) 


0 10  20  30  40  50  60  70  80  90 

ETHYL  ETHER,  PERCENT 


Table  10.6:  Dichloroethyl  Ether  (2) 

2,2^-Dichlorethyl  Ether 

0,^ -Dtchlorodiethyl  Ether  CI-CH2-CH2-O-CH2-CH2-CI 


Acidity  (as  hydrochloric) 

Apparent  ignition  temperature  in  air 
Boiling  point  at  760  mm. 

Boiling  range  at  760  mm. 
Coefficient  of  expansion  at  20®C  . 
Coefficient  of  expansion  at  55®C. 
Constant  boiling  mixture  (%  by  wt.) 
Dichlorethyl  ether 
Water 

B ,P . at  760  mm . 

Flash  Point  (ASTM,  open  cup) 

Flash  Point  (ASTM,  closed  cup) 


0.005%  by  wt.  max. 
396 ‘^C. 

178.5°C. 

170-180°C. 

0.00097  (per  °C.) 
0.00100  (per  °C.) 

34.4 

65.6 

97.7‘^C. 

79«C. 

55‘^C. 


Heat  of  vaporization  at  178®C. 
Refractive  index  at  20®C. 

Specific  gravity  at  20/20®C. 
Specific  heat  (at  20-30°C.) 
Surface  tension  at  25°C. 
Solubility  in  water  at  20®C. 
Solubility  of  water  in  dichlorethyl 
ether  at  20°C . 

Viscosity  at  25®C . 

Vapor  pressure  at  20°C. 

Water  content 
Weight  per  gal , at  20®C . 


64 . 1 cal  ./g . 

1 .457 
1.2220 
0.369  cal. 

41.8  dynes/sq.  cm, 
1 . 1 % by  wt . 

0.28%  by  wt . 
2.0653  centipoises 
0.7  mm . Hg 
0.10%  by  wt.  max. 
10.17  lbs. 
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ISOPROPYL  ETHER 

Table  10.7:  Properties  of  Pure  Isopropyl  Ether  (14) 


Molecular  Formula  CeHi^O 

Molecular  Weight  102.172 

Boiling  Point,  68.5 

Boiling  Point  Change,  ®C/mm  at  760  mm  0 042 

Freezing  Point,  -85.5 

Density  at  20*' C.  g/ml  (in  vacuo)  0.7235 

at  60®F,  Ib/US  gal  (in  air)  6.07 

Specific  Gravity,  20/20® C (in  air)  0.7244 

Coefficient  of  Expansion  ( 1 ) at  20°  C,  per  ® C 0.001 43 
Refractive  Index.  nO/D  1.3784 

n20/D  1.36820 

n30/D  1.36301 

Critical  Temperature,  °C  288 

Critical  Pressure,  atm  27.5 

Critical  Volume,  cc/g  3.80 

Heat  of  Vaporization  (2.3).  760mm.  cal/g  68.16 
Heat  of  Fusion  at  Melting  Point  (4),  cal/g  25.79 
Heat  of  Formation  (5)  (vapor  at  25° C) 
k-ca(/mole  -77 

Free  Energy  of  Formation  (4)  (vapor  at 
25° C)  k-cal/mole  -31 


1.  CaiculateO  Jrom  density  measurements  as  7242  - 7139 

7190  » 10 

2.  Calculated  via  Clapeyron  Equation  Z = 0.95. 

3.  Fife  & ne»d,  Ind  Eng  Chem.  22.  513  (1930) 

4.  Partis,  et.  al..  J.  Am  Chem  Soc.  55,  2735  (1933) 

5.  Kharasch.  M.  S..  J.  Research.  Nat  l Bur.  Stds.  2.  359  (1929) 

6.  Vogel.  A.  I . J.  Chem.  Soc  Part  I.  616  (1946) 

7.  Kirti^thmer.  "Ency  of  Chem  Tech."  5.  670  (1950) 

B.  Petroleum  Engineer.  June  1945.  2 19 


Table  10.8:  Vapor  Pressure  of  Isopropyl  Ether'  (14) 


t°c 

mm  Hg 

t°C 

-20 

13.4 

15 

-15 

18.4 

20 

-10 

24.9 

25 

-5 

33.3 

30 

0 

44.0 

35 

5 

57.3 

40 

10 

74.0 

45 

^Log  VP  mm  Hg  = 23.16617 

- 2362.7/T 

- 5.2545Log  T 

T = 273.15  + t°C 


Specific  Heat  (Liquid),  cal/g°C  (at  20°C)  0,506 

Thermal  Conductivity  (Vapor  at  100°C) 
cal/(sec)  (cm^)  (°C/cm)  0.0000483 

Viscosity,  cps  at  -20°  C 0.545 

0°C  0.419 

20°  C 0.333 

50°  C 0.255 

Surface  Tension  (6),  25°C,  dynes/cm  17.28 

Dielectric  Constant  (7).  85.8  kHz,  25°C  4.449 

Other  Properties  of  Commercial  IPE 

Autoignition  Temp.,  ®F  830 

Flash  Point  (8).  Tag  Open  Cup.  °F  (approx. )+15 
Tag  Closed  Cup,  °F  (approx.)  -18 

Flammable  Limits  of  Vapor  with  Air 
% vol.  of  Compound.  Upper  21 

Lower  1 .4 

Relative  Evaporation  Rate  at  25°  C and  0% 

R.H.;  Shell  Thin  Film  Evaporometer 
(n-BuOAc  = 1.0)  8.04 


mm  Hg 

t°C 

mm  Hg 

94.4 

50 

406.6 

119.4 

55 

485.8 

149.5 

60 

576.7 

185.6 

65 

680.3 

228.4 

70 

797.8 

278.9 

75 

930.1 

338.0 

80 

1078.7 

Table  10.9:  Isopropyl  Ether-Water  Solubility  (14) 

%Wt */oWt 


t°C 

IPE  in  H,0 

HaO  In  IPE 

t°C 

IPE  In  H,0 

HaO  In  IPE 

-10 

0.41 

50 

0.73 

0.82 

0 

— 

0.43 

60 

0.73 

0.93 

10 

1.43 

0.47 

70 

0.76 

1.06 

20 

1.07 

0.53 

80 

0.83 

1.20 

30 

0.88 

0.62 

90 

0.92 

1.34 

40 

0.78 

0.72 

100 

1.04 

1.49 
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Table  10.10:  Mutual  Solubility  for  the  System:  Isopropyl  Ether-Isopropyl  Alcohol-Water  at  25°C,  % wt  (14) 


IPE 

H,0 

IPA 

Sp.  Qr.25/4^C 

99.5 

0.5 

0.7210 

93.4 

1.1 

5.5 

0.7274 

89.0 

1.5 

9.5 

0.7326 

84.4 

2.2 

13.4 

0.7380 

79.9 

3.2 

16.9 

0.7427 

74.4 

4.6 

21.0 

0.7490 

72.8 

4.7 

22.5 

0.7509 

70.3 

5.2 

24.5 

0.7547 

68.7 

5.8 

25.5 

0.7564 

65.3 

6.7 

28.0 

0.7605 

64.0 

7.1 

28.9 

0.7620 

61.5 

7.8 

30.7 

0.7641 

58.3 

8.9 

32.8 

0.7698 

56.4 

9.6 

34.0 

0.7726 

50.8 

11.6 

37.6 

0.7812 

47.6 

13.0 

39.4 

0.7864 

42.6 

15.5 

41.9 

0.7958 

38.6 

17.8 

43.6 

0.8029 

35.7 

19.7 

44.6 

0.8091 

31.5 

23.0 

45.5 

0.8189 

28.3 

26.0 

45.7 

0.8275 

24.8 

29.7 

45.5 

0.8379 

22.6 

32.4 

45.0 

0.8450 

18.9 

37.6 

43.5 

0.8590 

16.3 

41.9 

41.8 

0.8707 

14.5 

45.0 

40.5 

0.8789 

12.6 

48.4 

39.0 

0.8884 

12.2 

49.0 

38.8 

0.8897 

10.6 

52.1 

37.3 

0.8982 

8.6 

55.6 

35.8 

0.9084 

6.6 

60.2 

33.2 

0.9200 

5.9 

61.8 

32.3 

0.9245 

5.2 

63.6 

31.2 

0.9293 

4.7 

65.0 

30.3 

0.9334 

3.4 

69.6 

27.0 

0.9437 

22 

74.8 

23.0 

0.9568 

1.6 

78.3 

20.1 

0.9634 

1.3 

83.3 

15.4 

0.9716 

1.2 

89.4 

9.4 

0.9796 

1.0 

93.8 

5.2 

0.9864 

0.9 

99.1 

0.9928 

Mmttet  Frora,  F J . Ind  Eng.  Chem.  41.  2365  (1M9) 
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Table  10.11;  Conjugate  Solutions  In  the  System:  Isopropyl  Ether-leopropyl  Alcohol-Water  at  25*C,  % wt  (14) 


Upper  Layer  Lower  Layer 

Tie  — 


IPE 

H2O 

IPA 

Line' 

IPE 

H2O 

IPA 

96.4 

0.8 

2.8 

1 

1.0 

92.1 

6.9 

93.0 

1.2 

5.8 

2 

1.2 

89.0 

9.8 

90.1 

1.5 

8.4 

3 

1.2 

86.9 

11.9 

86.1 

2.0 

11.9 

4 

1.2 

85.4 

13.4 

82.8 

2.7 

14.5 

5 

1.2 

83.8 

15.0 

76.3 

4.0 

19.7 

6 

1.3 

82.4 

16.3 

72.1 

5.0 

22.9 

7 

1.4 

81.6 

17.0 

64.2 

7.0 

28.8 

8 

1.4 

80.3 

18.3 

54.2 

10.2 

35.6 

9 

1.7 

77.8 

20.5 

45.4 

14.0 

40.6 

10 

2.3 

74.1 

23.6 

36.9 

18.7 

44.4 

11 

2.9 

71.2 

25.9 

31.5 

23.0 

45.5 

12 

3.7 

68.3 

28.0 

25.3 

29.0 

45.7 

13 

4.7 

64.6 

30.7 

Estimated  plait  points 

9.8 

53.3 

36.9 

*See  Table  10.12 
2 

Point  at  which  two  layers  converge  into  one  phase. 
Reference:  Frere,  F.J.,  tnd.  Eng.  Chem.  41, 2365  (1949). 


Table  10.12:  Miscibility  of  Isopropyl  Ether-Isopropyl  Alcohol-Water  at  25*'C  (14) 


IPE 


HjO 
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Table  10.13:  Azeotropic  Information-Isopropyl  Ether  (14) 


Ternary  Azeotrope:  IPA  — IPE  — Water 
(Boiling  Point  SI.T'^C) 


Lower  Layer 

10.0 

1.0 

89.0 

4.4 


Component  Azeotrope  Upper  Layer 

IPA  (Isopropyl  Ale.)  6.0  5.8 

IPE  89.0  93.1 

Water  5.0  1.1 

%w  100  95.6 


Other  Azeotropic  Information 


Binary  Azeotropes 


B.P.  "C 

Other  Components 

%wt  Other  Component 

61. 

Boron  Triflouride 

40 

62.2 

Water 

4.5 

70.5 

Chloroform 

36 

<67.5 

Propronitrile 

> 4 

74.0 

2,  2-Dichloropropane 

60 

54.2 

Acetone 

61 

66.2 

Isopropyl  Alcohol 

16.3 

66.0 

1-Propanethiol 

65 

>69.0 

1-chloro-2-methylpropane 

— 

<68.0 

Methylocyclopentane 

< 20 

67.5 

Hexane 

47 

Ternary  Azeotropes 


B.P.  ®C  Components  and  %wt 

66  HjO.  7.0%;  Ethyl  alcohol  14.7%;  IPE  78.3% 

Min  B.P.  HjO  — %;  Acetone  ~ %:  IPE  — % 

Nonazeotrope  H^O  — Sec.  Butyl  alcohol  — IPE 


IPE  does  not  form  azeotropes  with 

Trichloroethylene 

1.1- Dichloroethane 

1.2- Dichloroethane 
2-Chloroethanol 
lodoethane 
2’Bromopropane 
Thiophene 


2-Bromo-2-methylpropane 

1-Chlorobutane 

Ethyl  sulfide 

Diethoxymethane 

Benzene 

Hexyl  Alcohol 


Vapor  Presage,  mm  Hg 
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Table  10.14:  Vapor  Pressure  of  Isopropyl  Ether  Table  10.15:  Specific  Gravity  of  Isopropyl  Ether  vs 
at  Various  Temperatures  (8)  Temperature  (8) 


Temperature,  *C  Temperature,  *C 


Table  10.16:  Mutual  Solubility  and  Specific  Gravity  of  Isopropyl  Ether,  Water  and  Isopropyl  Alcohol 
at  25°C  (2) 


Isopropyl  Ether 

Water 

Isopropyl 

Alcohol 

' 25®C 
SG  d , ^ ' 

4 

99.5 

0.5 

0.7210 

93.4 

1.1 

5.5 

0.7274 

89.0 

1.5 

9.5 

0.7326 

84.4 

2.2 

13.4 

0.7380 

79,9 

3.2 

16.9 

0.7427 

74.4 

4.6 

21.0 

0.7490 

72.8 

4.7 

22.5 

0.7509 

70.3 

5.2 

24.5 

0.7547 

68.7 

5.8 

25.5 

0.7564 

65.3 

6.7 

28.0 

0.7605 

64.0 

7.1 

28.9 

0.7620 

61.5 

7.8 

30.7 

0.7641 

58.3 

8.9 

32.8 

0.7698 

(continued) 
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Table  10.16:  (continued) 


Isopropyl  Ether 

Water 

Isopropyl 

Alcohol 

25°C 
SG  d , 

4 

56.4 

9.6 

34.0 

0.7726 

50.8 

11.6 

37.6 

0.7812 

47.6 

13.0 

39.4 

0.7864 

42.6 

15.5 

41.9 

0.7958 

38.6 

17.8 

43.6 

0.8029 

35.7 

19.7 

44.6 

0.8091 

31.5 

23.0 

45.5 

0.8189 

28.3 

26.0 

45.7 

0.8275 

24.8 

29.7 

45.5 

0.8379 

22.6 

32.4 

45.0 

0.8450 

18.9 

37.6 

43.5 

0.8590 

16.3 

41.9 

41. 8 

0.8707 

14.5 

45.0 

40.5 

0.8789 

12.6 

48.4 

39.0 

0.8884 

12.2 

49.0 

38.8 

0.8897 

10.6 

52.  1 

37.3 

0.8982 

8.6 

55.6 

35.8 

0.9084 

6.6 

60.2 

33.2 

0.9200 

5.9 

61.8 

32.3 

0.9245 

5.2 

63. 6 

31.2 

0.9293 

4.7 

65.0 

30.3 

0.9334 

3.4 

69.6 

27.0 

0.9437 

2.2 

74.8 

23.0 

0.9568 

1.6 

78.3 

20.1 

0.9634 

1.3 

83.3 

15.4 

0.9716 

1.2 

89.4 

9.4 

0.9796 

1.0 

93.8 

5.2 

0.9864 

0.9 

99.  1 

- - 

0.9928 

Table  10.17:  n-Butyl  Ether  (2) 


n-Butyl  ether  is  a colorless,  stable  liquid,  soluble  in  water.  Having  two  butyl  groups,  this  ether  is  an  excellent  solvent 
for  many  natural  and  synthetic  resins,  gums,  oils,  fats,  organic  acids,  esters,  and  alkaloids.  Beeswax  and  carnauba  wax 
have  limited  solubility  in  butyl  ether  at  room  temperature,  but  become  quite  soluble  at  higher  temperatures.  n-Butyl  ether 
will  not  dissolve  cellulose  acetate,  benzyl  cellulose,  or  cellulose  nitrate,  but  when  it  is  mixed  with  ethyl  or  butyl  alcohol 
it  becomes  a solvent  for  ethylcelluiose . Butyl  ether  is  used  as  a reaction  medium  in  organic  synthesis  and  in  the  extraction 
and  purification  of  essential  oils,  organic  acids,  waxes  and  resins. 


Typical  Properties  and  Specifications 


BoiHng  point  at  760  mm 

142.4“C 

50 

63 

10 

28 

Color 

Water-white 

Flash  point 

30.6“C 

Heat  of  vaporization 

68.8  cal./g 

Freezing  point 

Approx.  — 

Specific  gravity  at  20/20“C 

0.769-0.771 

Refractive  index  at  20“C 

1.3992 

Surface  tension  at  20“C 

22.9  dynes  per  sq  cm 

Solubility  in  water  at  20°C 

0.03% 

Solubility  of  water  in  solvent  at  20°C 

0.19% 

Vapor  pressure  at  20“C 

4.8  mm  Hg 

Weight  per  gallon  at  20“C 

6.4  lbs 

Acidity  (as  butyric) 

0.05%  by  wt.,  max. 

Distillation  range 

137-143“C 

Water  content 

0.10%  by  wt.,  max. 
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Table  10.18:  Diamyl  Ether  (2) 


Commercial  diamyl  efher  consists  principally  of  di-n-amyl  ether  and  di-isoamyl  ether,  with  small  percentages  of  isomeric 
amyl  ethers  and  diamylene.  It  is  a colorless  to  light  yellow  liquid  which  is  quite  stable.  It  is  insoluble  in  water  but  solu- 
ble in  methanol,  ethyl  ether,  ethyl  acetate,  acetone,  aliphatic  and  aromatic  hydrocarbons,  fixed  oils,  oleic  and  hot 
stearic  acids,  hot  paraffin  and  carnauba  waxes,  the  latter  two  solidifying  when  cooled.  Unlike  the  lower  aliphatic  ethers, 
it  wil I not  dissolve  nitrocellulose  when  admixed  with  ethanol . However,  a mixture  of  diamyl  ether  and  20%  ethanol  wilt 
dissolve  ethylcel lulose . 


Typical  Properties  and  Specifications 


Dielectric  constant 
Flash  point  (open  cup) 

Heat  of  vaporization 

Specific  gravity  at  20/20®C 
Specific  heat 
Refractive  index  at  20"C 
Surface  tension  at  20*0 
Freezing  point 
Vapor  pressure  at  20®C 
Water  azeotrooe  at  96-98®C 
Weight  per  gation  at  20®C 
Acidity  (mg.  KOH  per  g) 
Distillation 
Initial  boiling  point 
Not  less  than  95% 

Final  boiling  point 
Water  content 


3.14 
146“F 
65.9  cal./g 
(calc’d) 

0.78-0.80 
0.513  cal/g 
1.4198 

24.8  dynes/sq  cm 
Below  — 75®C 
0.67  mm 

41%  amyl  ether  (approx.) 
6.61  lbs 
0.4,  max. 

Not  below  170"C 
Below  200 
Not  above  210 
0.2%  by  wt.,  max. 


Table  10.19:  n-Hexyl  Ether  (2) 


C6Hi30C^Hi3 

n-Hexyl  ether  is  a colorless,  stable  liquid  with  a mild  odor.  It  is  less  volatile  than  the  lower  members  of  the  aliphatic 
ether  group  and  its  solubility  in  water  is  very  slight.  It  is  miscible  with  rnost  organic  solvents  and  can  replace  butyl  ether 
for  many  similar  applications.  It  is  used  as  a solvent  medium  in  chemical  reactions  and  is  a foam  breaker  for  certain  pro- 
cesses. 


Boiling  point  at  760  mm. 

226 .2®C. 

Boiling  point  at  50  mm. 

136^C. 

Boiling  point  at  10  mm. 

lOO^C. 

Flash  Point 

170®F. 

Specific  gravity  at  20/20®C. 

0.7942 

Solubility  in  water  at  20®C  , 

0.01%  by  wt. 

Solubility  of  water  in  solvent  at  20®C . 

0.12%  by  wt. 

Vapor  pressure  at  20®C . 

0.07  mm.  Hg 

Weight  per  gallon  at  20®C. 

6.61  lbs. 

Acidity  (as  ocetic) 

0.01%  by  wt. 

Distillation  ronge  at  760  mm. 

205  - 235‘‘C. 

Color  (A.P.H.A.) 

15  nxix. 

Water  content 

0 . 1 0%  by  wt . 

max. 
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Table  10.20:  Solubility  Data  for  Various  Ethers  (19) 

Types  of  Ethers  os  Solvents 

Dichlor-  Dichlor- 


Substance 

Ethyl 

Isopropyl 

Butyl 

Dioxane 

ethyl 

isoprapyl 

"Bakellte"  vinyl  resin 

AYAF 

1 

1 

SW-G 

S 

S 

S 

"Bakelite"  vinyl  resin 

VYHH 

1 

1 

1 

S 

S 

SW 

Cellulose  nitrate  (dry) 

SA 

SA 

1 

SA 

SA 

1 

Cellulose  acetate 

1 

1 

1 

S 

SA 

1 

Buna  S 

— 

— 

— 

— 

— 

— 

Neoprene  GN 

— 

— 

— 

— 

— 

— 

Carnauba  wax 

— 

SS 

— 

SW 

SW 

— 

Paraffin  wax 

— 

s 

’ — 

sw 

s 

— 

Beeswax 

~ 

sw 

— 

sw 

sw 

s 

Rosin 

S 

s 

— 

s 

1 

s 

Dewaxed  dammar 

s 

SS 

S 

s 

1 

s 

Zein 

— 

— 

— 

— 

— 

— 

Soluble  starch 

— 

— 

— 

— 

— 

- 

Gelatin 

— 

— 

— 

— 

— 

Hydrocarbons 

s 

s 

s 

s 

s 

s 

Linseed  oil  (raw) 

s 

s 

s 

s 

s 

s 

Shellac 

1 

1 

ssw 

s 

1 

ssw 

Kauri  gum 

1 

! 

s 

s 

1 

sw 

Ester  gum 

s 

s 

s 

s 

s 

s 

Unvulcanized  rubber 
S: 

soluble 

s 

SS: 

s 

slightly  soluble 

S-G 

SS  1 

1:  insoluble 

SS-G 

G: 

tendency  to  gel 

SA: 

soluble  with  al 

cohol 

W:  w 

hen  warm 

Table  10.21:  Comparative  Evaporation  Rates  of  Various  Ethers  (19) 


TIME,  HOURS  (ATMOSPHERIC  CONDITIONS) 


(A)  Ethyl  ether 

(B)  Acetone 

(C)  Isopropyl  ether 

(D)  Ethyl  acetate 

(E)  Dioxone 


(F)  Butyl  acetate  (90%) 

(G)  "Cellosolve"  solvent 

(H)  "Cellosolve"  acetate 

(I)  Dichlorethyl  ether 

(J)  Diethyl  "Carbitol” 


Ethers 
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Table  10.22:  Specific  Gravities  of  Various  Ethers  (19) 


l.30| 


1.25 


l.20j 


U5 


UO 


1.05 


O 

eg 

l OOl 


a.95 


5 

CC 
O 

O 
U 

o 

UJ 

5>  0.901 


0.85 


060 


075 


070 


0.65' 


OICHLORETHYL  ETHER 
TRIGLYCOL  DiCHLORlOE 
EPICHLORHYORIN 
OICHLORISOPROPYL  ETHER 
DtOXANE 

DIETHYL*  CARBITOL* 
ETHYLENE  OXIOE 
01  BUTYL  "CAR DITOL* 
PROPYLENE  OXIOE 
01  BUTYL  *CELLOSOLVE“ 
HEXYL  ETHER 
BUTYL  ETHER 
VINYL  ETHYL  ETHER 
ISOPROPYL  ETHER 

ethyl  ether 


he 


-20  -15  -10 


20  25  30  35  40  45  50 


TEMPERATURE, *0. 


VAPOR  PRESSURE,  mm.  of  Hg 
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Table  10.23:  Vapor  Pressure  of  Various  Ethers  (19) 


(continued) 


VAPOR  PRESSURE,  mm.  of  Hg 


PRESSURE 
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Table  10.24:  Ethylene  Oxide  (2) 

Epoxyethane  CH2—CH2 


^'lene  Oxide 

V 

Acidity  (as  acetic  acid),  % by  wt. 
Boi  1 ing  point,  °C  . 

0 .005  (max .) 

760  mm . 

10.4 

50  mm . 

-44 

10  mm. 

-66 

A bp/  A p,  ./mm  , Hg 

0.033 

Coefficient  of  expansion  at  55°C. 

0.00177 

Flash  point  (open  cup),  °F. 

below  0 

Freezing  point,  °C  . 

-112.5 

Heat  of  vaporization  (Btu/lb.  at  1 atm.) 

245 

Molecular  weight 

44.05 

Refractive  index  (nQ  at  7°C  .) 
Solubility,  % by  wt.  at  20°C  . 

1 .3597 

in  water 

infinite 

water  in 

infinite 

Specific  gravity,  20/20°C  . 

0.8711 

ASG/AT 

0.00140 

Specific  heat  at  20°C  . 

0.8763 

lb. /gal  . at  60°F  . 

7.30 

Vapor  pressure,  mm.  Hg  at  20°C . 

1120 

Viscosity  (absolute)  in  centipoises,  0°C . 

0.3 

Table  10.25:  Enthalpy  and  Entropy  of  Ethylene  Oxide  (19) 
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Table  10.26:  Propylene  Oxide  (2) 


O 

Propylene  oxide  is  soluble  in  wafer  and  miscible  wifb  mosf  orgonic  solvenfs.  If  is  found  fo  be  an  excellent  low-boiling 
solvent  for  cellulose  acetate,  nitrocellulose,  adhesive  compositions  and  vinyl  chloride-acetate  resins.  It  is  also  a solvent 
for  hydrocarbons,  gums  and  shellac  . Some  of  its  uses  are  as  a solvent  and  stabilizer  in  DDT  aerosol-type  insecticides,  and 
as  a fumigant  and  food  preservative.  Since  it  is  an  acid  acceptor,  it  is  also  used  as  a stabilizer  for  vinyl  chloride  resins 
and  other  chlorinated  systems. 


1 , 2'  Epoxy  propane 


CHj-CH 


Acidity  (as  acetic  acid),  % by  wt.  (max.)  O.Ol 

Boiling  point,  ®C 

760  mm . Hg  34 

50  mm  . Hg  «26 

lO  mm  . Hg  .52 

A BP/4 P.,  °C./mm.  Hg  0,037 

Coeff ic  lent  of  expansion  at  55°C  . 0 . 00 1 57 

Distillation  at  760  mm.,  °C.: 

Initial  BP/min  . 33  q 

DP,  max.  37^0 

Flash  point  (open  cup),  ®F.  -35 

Freezing  point,  ®C.  -104.4 

Heat  of  vaporization  (Btu/lb.  at  I atm.)  1 60 

Molecular  weight  58.08 

Refractive  index  (nQ  at  20®C.)  I .3657 

Solubility,  % by  wt.  at  20®C.: 

in  water  40 .5 

water  in  ]2.8 

Specific  gravity,  20/20®C.  0.8304 

SG/T.  0.00125 

Specific  heat  at  IS’C.  0.465 

Ib./gal . at  60°F.  6.96 

Vapor  pressure,  mm . Hg  at  20“C . 449 

Viscosity  (absolute)  in  centipoises,  20°C.  0.4 


Table  10.27:  Freezing  Points  of  Solutions  of  Ethylene  Oxide  and  Propylene  Oxide  (19) 


OXIDE,  PER  CENT  BY  WEIGHT 
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Table  10.28:  1,2-Butylene  Oxide  (2) 

] ,2-Epoxybutane  CH^CHjCHCHj 

O 

1,2-Butylene  oxide  is  a colorless  mobile  liquid.  This  low  boiling  liquid  has  but  limited  water  solubility,  yet  is  miscible 
with  most  common  organic  solvents.  It  undergoes  the  usual  reactions  of  epoxides  with  compounds  having  labile  hydrogen 
atoms.  Some  of  these  are  acids,  amines,  ammonia,  alcohols,  phenols,  polyols,  thiols,  etc.  Butylene  oxide  can  be  poly- 
merized or  copolymerized  with  other  alkylene  oxides  to  yield  polyethers.  The  resulting  polymers  are  less  water  soluble 
than  the  polymers  made  from  ethylene  and  propylene  oxide,  of  equivalent  chain  length. 


Boiling  point,  ®C . at  760  mm. 

63.2 

Surface  tension  at  20®C.,  dynes/cm. 

23.9 

Coefficient  of  expansion  at  20®C  . 

0.00132 

Vapor  pressure,  mm.  Hg  at  20°C. 

141 

Freezing  point,  . 

-150 

Viscosity  (absolute)  in  centipoises: 

Heat  of  combusion  (Btu/lb.  at  25®C.) 

14,665 

O^^C. 

0.54 

Heat  of  vaporization  (Btu/lb.  at  1 atm.) 

20®C. 

0.41 

and  63 .2®C . 

181 

40*^C. 

0.33 

Molecular  weight 

72.11 

Refractive  index  (np  at  20®C.) 
Solubility,  % by  wt.  at  20®C.: 

1.3840 

in  water 

5.91 

water  in 

2.65 

Table  10.29:  CARDOLITE  NC-513:  (71) 


CHEMICAL  STRUCTURE: 
O 

/ \ 

CH,-CH  -CH, 

I 

O 


TYPICAL  PROPERTIES: 


1 Ypical  value 

Specirication 

Viscosity  @ 25“C  | cPs  j 

50 

40-70 

Epoxy  equivalent  weight  j FEW  ] 

490 

424-575 

Flash  point  (closed  cup) 

4(K)“I-7205'^C' 

- 

Density  @ 25  *^C  (Ibs/gal  (kg/1)] 

8.17(0.97) 

- 

Color  [ Gardner  ] 

<13 

- 

Appearance 

reddish  brown 
liquid 

- 

Hydrolyzable  Chlorine 

- 

<2% 

Recommended  PH R (liauid  cnoxv  resins,  FEW  =190)  * 

li^  - ^ ^ ^ 

2-20 

1 : Jl 

DESCRIPTION:  Cardolitc*  NC-513  is  a unique  reactive  epoxy  flexibilizer  and  diluent.  This  low  viscosity 

fluid  has  predominantly  one  reactive  epoxy  group  per  molecule  which  combines  chemically 
into  the  epoxy  system. 


APPLICATIONS: 

« Flexibilization  of  solvent  free  and  high  solids  surface  tolerant  marine  and  industrial  coatings. 

• Industrial  flooring  requiring  excellent  chemical-,  water-  and  abrasion  resistance. 

• Preparation  of  amine  adducts. 

• Coatings  in  contact  with  potable  water  (NSF  approval) 

ADVANTAGES: 

• Excellent  chemical  and  water  resistance 

• Increased  thermal  shock  resistance 

• Maintains  electrical  properties 

• Low  volatility 

• Aids  in  Bis-Phcnol  F resin  and  Curing  Agent  compalibilin- 


REGULATIONS  ; - United  States  Department  of  Agriculture  acceptance. 

- National  Sanitation  Foundation  (NSF),  coatings  for  use  with  potable  water;  NC-513  is 

being  used  in  coatings  that  have  NSF  approval. 

- Ozone  Depleting  Chemicals-certification  that  products  are  not  classified  as  / are  not 
manufactured  with  Class  I or  Class  II  ozone  depleting  chemicals. 
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Table  10.30: 1,4-Dloxane  (2) 

1 .4- Dloxan 

1 .4- Die^hylene  Oxide 
Dloxyefhylene  Ether 
Diethylene  Ether 
Diethylene  Dioxide 

1/4-Dioxone  is  a colorless,  stable  liquid  with  a faint,  pleasant  odor.  Although  It  has  been  known  as  far  back  as  1863, 
it  was  not  until  1929  that  is  became  commercially  available,  it  is  chemically  a di-ether  obtained  by  the  loss  of  water 
from  two  molecules  of  ethylene  glycol . It  is  completely  soluble  in  water,  as  well  as  most  organic  solvents.  It  is  freely 
soluble  in  mineral,  vegetable,  blown  and  heat-bodied  oils,  and  oil  soluble  dyes.  Most  waxes  are  more  readily  soluble 
in  dioxane  when  heated  and  examples  of  these  are  beeswax,  carnauba,  montan,  paraffin,  gilsonite,  and  Japan  wax. 


H2<j:  CH2 

H2C  CH2 


Acidity  (as  acetic) 

Boiling  point  760  mm 
Distillation  range  at  760  mm 
Coefficient  of  expansion 

Electrical  conductivity  at  25®C 
Flash  point 
Freezing  point 
Heat  of  combustion 
Heat  of  fusion 
Heat  of  vaporization 
Refractive  index  at  20*C 
Specific  gravity  at  20/20®C 

Specific  heat  at  20°C 

Surface  tension  at  25^C 

Solubility  in  water  at  20**C 

Solubility  of  water  in  dioxane  at  20*’C 

Viscosity  at  25®C 

Vapor  pressure  at  20'’C 

Water  content  at  20”C 

Weight  per  gal  at  20*^C 


0.010%  by  wt,  mnx 

101.3^0 

%-103^C 

0.001030  (per  "C)  to  20‘’C 
0.001070  (per  "C)  to  55“C 
2 X 10"*  recip.  ohms 
65*  F 
U.7*C 

581  kg  cal/mol 

33.8  cal/g 
98.6  cal/g 
1.4221 
1.0356 
1.0363 
0,420  cal/g 

36.9  dynes/cm 
Complete 
Complete 
0.0120  poise 
29.0  mm  Hg 

Miscible  without  turbidity 
with  19  vol.  60*  Be  gasoline 
8.61  lbs 


Table  10.31:  Trioxane  (2) 


Cyclic  Trimeric  Polymer  of  Formaldehyde 


H2C  CH, 


Trioxane  is  a most  unusual  chemical . It  is  an  excellent  solvent  for  many  classes  of  materials.  Concentrated  aqueous 
solutions  of  trioxane  have  solvent  properties  which  are  not  possessed  by  trioxane  itself.  Molten  trioxane  dissolves  numer- 
ous organic  compounds,  such  as  naphthalene,  urea,  camphor,  dichlorobenzene,  etc.  It  is  stable  in  alkaline  or  neutral 
solutions,  yet  it  is  depolymerized  to  formaldehyde  by  small  amounts  of  strong  acid  or  acid-forming  materials,  and  the  rate 
of  depolymerization  can  be  readily  controlled. 

Properties 


Colorless,  crystalline  compound 

Solubility: 

Molecular  weight 

90.05 

Water 

Readily  soluble 

Odor 

Mild,  pleasant 

Alcohols 

Readily  soluble 

Melting  point 

6fC 

Ketones 

Readily  soluble 

Boiling  point 

115"C 

Ethers 

Readily  soluble 

Vapor  Pressure: 

Esters 

Readily  soluble 

25"C 

13  mm 

Chlorinated  hydrocarbons 

Readily  soluble 

86"C 

283  mm 

Aromatic  hydrocarbons 

Readily  soluble 

114.5"C 

759  mm 

Vegetable  oils 

Readily  soluble 

129‘*C 

1212  mm 

Naphthalene 

Readily  soluble 

Flash  point 

45"C 

PherK)! 

Readily  soluble 

Density  (molten)  at  65"*C 

1.170 

Petroleum  ether 

Slightly  soluble 
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Table  10.32:  Vinyl  Methyl  Ether  (2) 


CH2=CH0CH3 


Vinyl  methyl  ether  is  a gas  at  ordinary  temperature  and  pressure.  When  condensed  it  is  a colorless,  mobile  liquid  having 
a vapor  pressure  at  760  mm.  at  5.5°C.  It  is  miscible  with  most  organic  solvents,  but  only  slightly  soluble  in  water  or 
polyhydroxy  organic  compounds  such  as  glycols.  In  volatility  and  flammability  it  resembles  liquefied  petroleum  gases. 


Boiling  point,  760  mm. 

Flash  point  (Cleveland  open  cup) 
Freezing  point 
Molecular  weight 
Odor 

Refractive  Index 
Solubility  in  water  at  25®C . 


5.5“C. 

-69®F.  (-56®C.) 
-122®C. 

58.08 

Sweet,  pleasant 
1 .3947 

0 .82%  by  wt . 


Solubil  ity  of  water  in  ether  at  25®C  . 
Specific  gravity  at  5.7/4®C. 

Specific  gravity  at  20/4®C. 

Vapor  pressure  at  25®C  . 

Vapor  pressure  at  70®F. 

Weight  per  gallon  at  25®C . 


0.51%  by  wt. 
0.7694 
0.7511 
1 550  mm  . Hg 
28  psi  abs. 
6.17  lbs. 


Table  10.33:  Vinyl  Ethyl  Ether  (2) 

CH2=CH0CH2CH3 


Boiling  point,  ®C .: 

Molecular  weight 

72.10 

760  mm. 

35.5 

Refractive  index  (n[)  at  20®C.) 

1 .3774 

50  mm . 

-24 

Solubility,  % by  wt.  at  20®C .: 

10  mm. 

-49 

in  water 

0.9 

A BP/A P.,  ®C./mm.  Hg 

0.038 

water  in 

0.2 

Coefficient  of  expansion  at  55®C  . 

0.00165 

Specific  gravity,  20/20®C . 

0.7541 

Flash  point  (open  cup),  ®F. 

below  0 

ASG/AT. 

0.00117 

Freezing  point,  ®C . 

-115.3 

Vapor  pressure,  mm.  Hg  at  20®C . 

428 

Heat  of  vaporization  (Btu/lb.  at  1 atm.) 

161 

Viscosity  (abs.)  in  centipoises,  at  20®C . 

0.2 

Table  10.34:  Vinyl  2-Chloroethyl  Ether  (2) 


CH2=CH0CH2CH2CI 


Boiling  point,  ®C .: 

Solubility,  % by  wt.  at  20®C.: 

760  mm . 

109.1 

in  water 

0.6 

50  mm. 

39 

water  In 

0.4 

10  mm . 

10 

Specific  gravity,  20/20®C . 

1 .0498 

A BP/A P.,  ®C./mm.  Hg 

0.044 

ASG/AT. 

0.00123 

Coefficient  of  expansion  at  55®C  . 

0.00118 

Vapor  pressure,  mm,  Hg  at  20®C  . 

18.6 

Flash  point  (open  cup),  ®F. 

90 

Viscosity  (abs.)  in  centipoises: 

Freezing  point,  ®C. 

-69.7 

0®C. 

1 .1 

Heat  of  vaporization  (Btu/lb.  at  1 atm.) 

154 

20®C. 

0.8 

Molecular  weight 

106.55 

40®C. 

0.6 

Refractive  index  (nQ  at  20®C.) 

1 .4381 

Table  10.35:  Vinyl  Butyl  Ether  (2) 

CH2=CH0C4H9 


Boiling  point,  ®C 

Molecular  weight 

100.16 

760  mm . 

94.2 

Refractive  index  (nQ  at  20®C.) 

1 .4007 

50  mm. 

24 

Solubility,  % by  wt.  at  20®C,: 

10  mm . 

-4 

in  water 

0.30 

A BP/A P.,  ®C./mm.  Hg 

0.044 

water  in 

0.09 

Coefficient  of  expansion  at  55 ®C . 

0.00133 

Specific  gravity,  20/20®C. 

0.7803 

Flash  point  (open  cup),  ®F. 

15 

ASG/AT. 

0.00100 

Freezing  point,  ®C . 

-112.7 

Vapor  pressure,  mm.  Hg  at  20®C  , 

40.4 

Heat  of  vaporization  (Btu/lb.  at  1 atm.) 

137 

Viscosity  (abs.)  in  centipoises,  20®C. 

0.5 
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Table  10.36:  Vinyl  Isobutyl  Ether  (2) 


CH2=CHOCH2CH(CHj)2 


Boiling  point,  ®C 

Refractive  index  (np  at  20°C.) 

1 .3961 

760  mm. 

83.4 

Solubility,  % by  wt,  at  20®C.: 

50  mm . 

17 

in  water 

0.2 

10  mm. 

-7 

water  in 

0.08 

A BP/A  P,,  Hg 

0.045 

Specific  gravity,  20/20 ®C  . 

0.7706 

Coefficient  of  expansion  at  55®C  , 

0.00140 

ASG/AT. 

0.00104 

Flash  point  (open  cup),  ®F, 

15 

Specific  heat  at  15®C. 

0.512 

Freezing  point,  ®C . 

-132.3 

Vapor  pressure,  mm.  Hg  at  20®C . 

59.5 

Heat  of  vaporization  (Btu/lb.  at  1 atm.) 

144 

Viscosity  (abs.)  in  centipoises,  at  20®C . 

0.4 

Molecular  weight 

100.16 

Table  10.37:  Vinyl  2-Ethylhexyl  Ether  (2) 


CH2=CH0CH2CH(C2H5)C^H^ 


Boiling  point,  ®C 

Refractive  Index  (nQ  at  20®C .) 

1 .4273 

760  mm , 

177.7 

Solubility,  % by  wt.at20®C.: 

50  mm. 

95 

in  water 

0.01 

10  mm. 

62 

water  in 

0.05 

A BP/A P.,  ®C./mm.  Hg 

0.053 

Specific  gravity,  20/20®C, 

0.8102 

Coefficient  of  expansion  at  55®C. 

0.00107 

ASG/AT. 

0.00084 

Flash  point  (open  cup),  ®F, 

135 

Vapor  pressure,  mm.  Hg  at  20°C . 

0.60 

Freezing  point,  ®C . 

100* 

Viscosity  (abs.)  in  centipoises: 

Heat  of  vaporization  (Btu/lb.  at  1 atm.) 

129 

0®C. 

1 .5 

Molecular  weight 

156.26 

20®C. 

1 .0 

*Sets  to  a glass  below  this  temperature 


Table  10.38:  Typical  Properties  of  the  Vinyl  Ethers  (49) 


Vinyl  Bther 

Melting 

Point 

©c 

Bolling  point 

Temp.  at  on  Hft  Preaaure 

Flaanablllty 

®P 

Methyl 

-122® 

5-6® 

760 

-69®  (•) 

Isopropyl 

-140® 

55-56® 

760 

- 

leobutyl 

-112® 

25® 

77 

20®  (*) 

83® 

760 

2-BthyIhexyI 

-100® 

62-64® 

18 

• 

178® 

760 

leooctyl 

-80® 

80® 

25 

140®  («) 

175-6® 

760 

Decyl 

-41® 

60-98® 

5 

185®  (*) 

Cetyl 

16® 

142® 

I 

325®  (*) 

173® 

5 

Octadecyl 

28® 

124-168® 

2 

350®  (a) 

147-187® 

5 

Dlae thy lealnoe thy I 

- 

42-44® 

30 

110®  (b) 

U)  FMt  point  - optn  cup  mtthod.  (b)  Fire  point  - ASTM  D-02. 
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Table  10.38:  (continued) 


Refractive 


Vinyl  Ether 

Index 

Methyl 

1.3947'^ 

Isopropyl 

1.3849  ^ 

Isobutyl 

1.3965  20 
D 

2-Ethylhexyl 

1.4273  ^ 

Isooc tyl 

1.4256  25 
D 

Decyl 

1.4278  25 
D 

Cetyl 

1.4444  ^ 
D 

Octadecyl 

1.44A0  30 
D 

Dimethyl amlnoe thy 1 

1.4225  25 
D 

Specific 

Gravity 

Pounds 
per  Gallon 

& 250c 

Typical 

Vinyl 

Ether 

Content 

0.7694  Ijl 

6.17 

99X 

0.753  20 
4 

6.28 

98X 

0.768  ^ 
4 

6.40 

98X 

0.810  20 

6.74 

95X 

0.802  20 
4 

6.66 

98X 

CM 

00 

0 

6.75 

98X 

0.822  27 

6.85 

97X 

0.80  cast  solid 
0;821^11quld  6.84 

95X 

0.830  20 

25 

6.85 

99X 

Table  10.39:  Phenyl  Methyl  Ether  (2) 


Anisole 


-O-CH3 


Anisole  is  a high-boiling,  mobile,  straw-colored  liquid  with  excellent  thermal  stability.  It  is  immiscible  in  water  and 
glycols  but  completely  miscible  with  most  common  solvents.  It  is  useful  as  a solvent  for  many  organic  compounds  and  it 
has  unusual  solvency  for  asphalts  and  pitches. 


Boil  ing  point  at  760  mm  , Hg,  ®C  . 

153.8 

Flash  point  (Cleveland  open  cup),  °F. 

125 

Heat  of  combustion,  kca!  ,/g.  mol 

905.2 

Heat  of  vaporization  at  boiling  point,  cal  ./g . mol 

8.8 

Refractive  Index  (np  at  20°C.) 

1.5165 

Molecular  weight 

108.13 

Specific  gravity,  18°/4°C. 

0.996 

Specific  heat: 

24«C. 

0.422 

31  .6‘^C. 

0.462 

Vapor  pressure,  mm.  Hg: 

40‘^C. 

8.4 

60‘^C. 

25 

80®C. 

63 

lOO^C. 

140 

120^^0 . 

275 
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Table  10.40:  Dibenzyl  Ether  (2) 


Dibenzyl  ether  is  a clear,  almost  colorless  liquid.  It  is  miscible  with  alcohols  and  ethers,  but  insoluble  in  water.  Di- 
benzyl ether  is  used  as  special  solvent  and  delustering  agent  for  textiles. 


Boiling  point,  ®C  . : 

Flash  point  (open  cup)  °F. 

275 

760  mm . 

298 

Melting  point,  °C . 

5 (approx.) 

1 5 mm . 

165-168 

Molecular  weight 

198.3 

Distilling  range,  ®C.: 

Specific  gravity,  25®/25°C. 

1 .041-1 .045 

5% 

220  (min .) 

Solidifying  temperature,  ®F. 

below  45 

50% 

300 

dry  point 

308 

Table  10.41:  Diphenyl  Oxide  (77) 


Diphenyl  oxide  is  a practically  colorless  crystalline  solid  with  a strong  geranium-like  odor.  It  is  almost  completely  in- 
soluble in  water,  but  dissolves  in  most  of  the  common  organic  solvents.  Its  high  thermal  stability  at  temperatures  as  high 
as  350®  to  400®C . together  with  its  noncorrosiveness  and  general  chemical  inertness  make  it  eminently  suitable  as  a com- 
ponent of  high-boiling  heat  transfer  media. 


TYPICAL  PROPERTIES 


Molecular  wcldi* 

170 

Diphenyl  oxide  

>99%  by  weight 

Ciyatallialng  point  

26-6'C 

DbtilUHon  ranee  at  760  mm  Hg : 
Initial  boiling  point  

2530“C 

5%  by  volmna 

254  0*C 

95%  by  volume 

256‘0"C 

Anal  boiling  point  

2601»"C 

Flmb  point  (Penalty  Martena  doted 
cop)  

240*F  (115*C) 

Aab  

0 001%  by  weight 

Acidity  (at  hydrocfaloric  add) 

0 001%  by  weight 

Water  content 

0 02%  by  weight 

Phenol  content 

0*02%  by  weight 

PHYSICAL  PROPERTIES 

Hm  fonowint  ar*  values  (or  purs  diphenyl  oxida  : 

D«wi(y  at  30/4‘C 
Latent  beat  of  fntloa  . . . 
Spedik  haat  at  3D*C  . . 
Vaponr  prtmiia  at  25*C 
Vtecoalty  at  25*C  ... 

Rafraedva  Mn  n^  ... 


1-OM  g/ml 
22^cal/f 
0*40 

O-Qltem  Hf 
3McP 

I'STTTO 
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Table  10.42:  Miscellaneous  Alkyl  Aryl  Ethers  (2) 

These  ethers  are  generally  high-boiling,  water  insoluble  liquids  of  pleasant  odor,  miscible  with  a variety  of  organic  sol- 
vents and  commercial  oils,  fats,  waxes  and  resins. 


Physical  Properties 


FomuU 

Boiling  Flash 
Range  *C  Point  *F 

Gravity 

Molecular 

Wt, 

Methyl  Phenyl  Ether 

CH,OC*H, 

150-160 

120 

20/30 

0.993 

(Anisole) 

n-Butyl  Phenyl  Ether 

C4H,0C,H, 

202-212 

180 

0.929 

Amyl  Phenyl  Ether 

caiiiOCtHi 

214-S9 

185 

0.924 

164.1 

p-tert-Amylphenyl  Methyl 

CsHnC.H40CH, 

230-243 

210 

0.942 

Ether 

p-tert-Amylphenyl-n-Amyl 

C4H„C,H40C4Hn 

285-205 

260 

0.905 

234.2 

Ether 

Amyl  Benzyl  Ether 

C»HaOCH*C*H» 

224-239 

175 

0.912 

Amyl  Tolyl  Ether 

CjHuOC,H4CH, 

240-264 

195 

0.916 

Amyl  beta  Naphthyl  Ether 

CiHiiOCioHy 

320-350 

310 

l.Ol 

Amyl  Xylyl  Ether 

CjHuOCOI.CCH,), 

250-263 

205 

0,907 

Table  10.43:  Furan  (11) 


HC  CH 

V 


Furan  is  a cyclic  dienic  ether  stabilized  by  benzene-like  resonance.  Because  of  its  conjugated  unsaturation  and  hetero- 
cyclic atom,  furan  will  undergo  many  types  of  reactions,  it  is,  therefore,  of  interest  as  a chemical  intermediate  for 
pharmaceuticals,  insecticides  and  fine  chemicals.  The  heterocyclic  oxygen  atom  in  a ring  with  conjugated  unsaturation 
gives  furan  a combination  of  ether,  aromatic  and  olefinic  characteristics.  This  polyfunctionality  permits  it  to  undergo  a 
variety  of  reactions.  Compared  to  benzene,  the  furan  ring  has  greater  reactivity,  and  is  more  susceptible  to  cleavage, 
thus  resembling  the  vinyl  ethers.  Like  the  vinyl  ethers,  the  furan  ring  is  cleaved  by  aqueous  acids.  This  reaction  is  ac- 
companied by  resinification . 


PHYSICAL  PROPERTIES 


Physical  State 

Color 

Odor 

Specific  Gravity  at  20°/4°C, 
Freezing  Point 
Vapor  Density 
Boiling  Point  (760  mm.) 

Flash  Point  (Tag.  closed  cup) 
Refractive  Index  n20/D 
Molecular  Weight 

Flammability  or  Explosive  Limits 
Heat  of  Vaporization  at  31,2°C, 
Heat  of  Combustion  at  constant  vol 
Critical  Temperature 
Heat  of  Formation  at  25°C, 
Solubility  in: 

Water  (wt. 
Most  organ 


Liquid 

Colorless 

Characteristic  ethereal 
0.937 

-85.61°C.  (-122.10°F.) 
0.170  lb,/cu,  ft, 

31.3°C.  (88.45°F.) 

-32°F. 

1.4214 

68.07 

2,3-14.3  vol,  7o  in  air 
95,5  cal. /gram 
500,1  kg, -cal, /gram-mole 
2140c. 

-14,9  kcal. /mole 

7,  at  250c.)  1 
: solvents  oo 


Table  10.44: 2-Methylfuran  (2) 

HC CH 


Sylvan  HC  C-CH, 

(#)  \ / (8) 

0 

(1> 

2-Methylfuran  Is  a cyclic  diene  possessing  ether-like  properties.  It  is  highly  reactive  with  many  Inorganic  and  organic 
compounds  yielding  a variety  of  new  derivatives  which  await  exploration  for  the  development  of  commercial  applications. 

(continued) 
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Table  10.44:  (continued) 


Appearance 

Odor 

Molecular  weight 
Dotiing  point  at  760  mm 

Freezing  point 
Specific  gravity,  20®C./4*C. 
Index  of  refraction,  N20/D 
Flaah  point 

Vapor  pressure  at  15*C.  (59®F) 
20*C.  (68®F) 
25®C.  (77®F) 
30®C,  (96®F) 

Solubility  in  water  at  25®C 


Colorless,  mobile  liquid 

Etherdike 

82.098 


62-WC  (144-47®F) 

--«8*C  (-126.4T) 

0.915 

1.434 

-30®C  (-22®F) 

1 10.5  mm 
139  mm 
174  mm 
216  mm 

Less  than  0.3  gm/100  gni. 


Table  10.45:  Tetrahydrofuran  (11)(49) 

Product  Information 

Tetrahydrofuran  (THF,  tetramethylene  oxide,  diethylene  oxide,  1,4-epoxybutane,  tetrahydrofurane,  oxolane)  is 
an  industrial  solvent  widely  recognized  for  its  unique  combination  of  useful  properties.  DuPont  THF  is  better  than 
99.9%  pure  with  a small  (0.025-0.040  wt  %)  amount  of  butylated  hydroxytoluene  (BHT,  4-methyl-2,6-di-tert- 
butyl  phenol)  added  as  an  antioxidant.  Tetrahydrofuran  is  a cycloaliphatic  ether  and  is  not  "photochemically 
reactive”  as  defined  in  Section  k of  Los  Angeles  County's  Rule  66  (equivalent  to  Rule  442  of  the  Southern 
California  Air  Pollution  Control  District).  THF  has  an  ethereal  odor. 

Physical  Properties  of  Tetrahydrofurai) 


Molecular  Weight 

72.108 

Coefficient  of  Thermal  Expansion, 

Boiling  Point  (760  mmHgl.  "C  ("F| 
Freezing  Point,  °C  ('’F) 

66(151) 
-108.5  (-163) 

10-20°C,  av/°C 
av/^F 

0.00126 

0.00070 

-14.4  (6) 

Flash  Point  (TCC),°C(°F) 

Vapor  Pressure,  20"’C  (68°F), 
mm  Hg  (kPa) 

143(19.1) 

Autoignition  Temperature,  °C  (°F) 

321 (610) 

Density,  Liquid,  20”C  (68"F),  g/mL  (mg/m*) 

0.888 

Flammability  Limits  In  Air,  25°C  (77°F),  lower 

2 

Ib/gal 

7.41 

upper 

11.8 

Vapor(air  = 1) 

2.49 

Critical  Temperature,  °C  (°F) 

268(514) 

Evaporation  Rate  (n-butyl  acetate  = 1) 

8.0 

Critical  Pressure,  atm  (MPa) 

51.2(5.19) 

Viscosity.  20°C  (68°F),  cP  (MPas) 

0.48 

Dielectric  Constant,  e,  20°C  (68°F) 

7.54 

Surface  Tension  in  Air,  25°C  (77®F), 

30°C  (86°F) 

7.25 

dyn/cm  (mN/m) 

26.4 

Conductivity,  25°C  (77°F),  \i  mhos/cm 

0.015 

Refractive  Index,  n f 

pS/m 

1.5 

1.4073 

Dipole  Moment,  p,  25-50°C  (77-122°F). 

Heat  of  Vaporization  (at  bp),  cal/g 

95 

Debye  Units 

1.6 

Btu/lb 

kJ/kg 

Heat  of  Combustion  (-Ah“J 

171 

398 

Solubility  Parameter,  6 

9.1 

Hydrogen-Bonding  Index,  y 

5.3 

at25°C(77°F)liq  kcal/mol 

598.4 

Miscibility:  water,  esters,  ketones,  alcohols. 

Btu/lb 

14938 

diethyl  ether;  aliphatic,  aromatic  and 

kJ/g 

34.72 

chlorinated  hydrocarbons 

Infinite 

Specific  Heat,  Liquid, 

20°C  (68°F),  cal/g  C (Btu/lb  F) 

0.469 

kJ/kg-K 

1.97 

50°C  (122°F),  cal/gC  (Btu/lb  F) 

0.496 

kJ/kgK 

2.090 

Vapor,  66°C  (15rF),  cal/gC  (Btu/lbF) 

0.37 

kJ/kg-K 

1.55 

(continued) 


Temperature, 


Table  10.45:  (continued) 


Vapor  Pressure  of  Tetrahydrofuran 

Mercury,  mm 


kPa 


Temperature, 


Density,  g/mL  (mg/m^) 


Density  of  Tetrahydrofuran 


(continued) 
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Table  10.45:  (continued) 

Flash  Points  of  Tetrahydrofuran-Water  Solutions  (by  Sataflash  Closed  Tester) 


100 

90 

80 

70 

60 

50 

40 

30 

20 

10 


0 10  20  30  40  50  60  70  80  go  100  %Water 

%THF  100  90  80  70  60  50  40  30  20  10  0 

Ref.:  Culver,  L.  J„  “Modern  Paint  and  Coatings."  Vol.  71  (1981),  No.  10.  pp.  145-149.  (C.  A.  96(10}  70460F) 


Tetrahydrofuran-Sotuble  Plastics,  Resins,  and  Elastomers 


Acrylic  Resins 
Methyl  methacrylate  polymers 
Ethyl,  butyl,  and  other  methacrylate  polymers 
Acrylic  polymers  and  copolymers 

Alkyd  and  Amino  Resins 
Alkyd  resins 

Urea  formaldehyde  resins  (uncured) 

Phenol  formaldehyde  resins  (uncured) 

Cellulosics 
Cellulose  acetate 
Cellulose  acetate  butyrate 
Cellulose  acetate  stearate 
Ethyl  cellulose 
Nitrocellulose 

Miscellaneous  Resins 

Acrylonitrile-butadiene-styrene  copolymers 

Styrene-acrylonitrile  copolymers 

Chlorinated  polyethylene 

Polycarbonates 

Polysulfones 

Epoxy  (uncured) 

Silicones  (uncured) 

Polyesters  (low  molecular  weight) 
Polyamides  (low  molecular  weight) 
Polystyrene 

Styrene-butadiene  copolymers  (some) 


Elastomers 

Butadiene-acrylonitrile  copolymers  (some) 
Chlorinated  rubbers 
Chlorosulfonated  polyethylenes 
Potysulfides 

Polyurethanes  (uncured) 

Rubber  (natural,  unvulcanized) 
Chloroprene  elastomers 

Vinyl  Resins 

Polyvinyl  acetate 

Polyvinyl  butyrate 

Polyvinyl  butyrals 

Polyvinyl  chloride 

Vinyl  chloride  copolymers 

Vinylidene  chloride  copolymers 

Vinyl  acetate/ethylene  (some) 

Natural  Resins 
Congo  ester 
Coumarone-indene 
Raw  dammar 
Ester  gum 
Manila  copal 

Pentaerythritol  ester  gum 
Rosin 

Shellac  (many) 


(continued) 
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Table  10.45:  (continued) 

Vapor-Liquid  Equilibria  of  Tetrahydrofuran  + Water  (760  mmHg) 


Mole  Fraction  THF  in  Liquid 


Chemical  Structure  (49) 


Tetrahydrofuran  (mol.  wt.  » 72.1) 

C.A.  No.  109999* 

Other  common  names  are: 

Diethylene  Oxide 
1 .4-EpQxytxjtane 
Oxacyctopentane 
Oxolane 

The  GAP  product  assays  better  tlian  99.8% 
and  is  stabilized  with  0.025%  of  the  antiox- 
idant BHT  (4-methyl-2,6^-/erf. -butyl  phenol). 


*SOCMA  “hlandbook  ComrnerciaJ  Ogarw  Cnemcai 
Names"  Chemical  Abstracts  Regsiry  Nurrtwr  (ACS 
poW.) 


Typical  Properties  (49) 


Physical  Form  liquki 

Color  (APHA) 20  max 

THF  Assay  (%) 99.8  min 

Total  Impurities  (wt%) 0.135  max 

. Water  Content  (wt%)  0.03  max 

Peroxid^  (as  THF-hydroperoxide,  wt%) 0015  max 

Stabilizer  (wt%) 0.025-0.04 

Other  Impurities 0.05  max 

Boiling  Point 66''C«,nm(^51"F) 

Freezing  Point -108.5”C  (-163  F) 

Liquid  Density  (20"C) 0.888  g/cc  (7.41  lb/ gal) 

Vapor  Density  (air  - 1) 2.56  calc. 

Specific  Gravity  (20/4**C) 0.886-0.889 

Viscosity  (20°C) 0-53  cps 

Surface  Tension  (25"^C) 26.4  dynes /cm 

Refractive  Index  (np”) 1 .4073 

(Efficient  of  Cubical  Expansion  (10-20°C) 0.00129  Av/**C  (0.00070  Av/”F) 

Flash  Point  (Tag  closed  cup) -14.4‘'C  (6°F) 

Flammability  Limits  (%/vol  in  air,  25*^C) 2 (lower);  1 1 .8  (upper) 

Ignition  Temperature 321  °C  (610°F) 

Specific  Heat  (cal/g/“C)  for  Liquid  0.469  calc,  at  20“C; 

0.496  calc,  at  50°C 

Specific  Heat  (cal/g/  **C)  for  Vapor 0.37  calc,  at  66° C 

Latent  Heat  of  Vaporization  (cal/g,  66"C) 98.1  calc.  

Critical  Temperature 268’^C  (514“F) 

Critical  Pressure 51 .2  atm 

Heat  of  Combustion  (kg-cal/mole)  597  calc. 

Heat  of  Formation  (kg-cal/moie) 52.7  calc. 

^bipote  Moment  (25-50‘^C)  1.7Debye  

^lectric  Constant720^C) L5§ 

Conductivity  (mhos/cm,  25'^C)  1 .5  x 10  * 

Evaporation  Rate  (n-butyl  acetate  1) 8^0 

^ubility  Parameter 9.1  calc.  

J^rogen-Bondlng  Index 5.3 

Miscibility  with  water,  alcohols,  diethyl  ether,  esters, 
ketones,  aliphatic,  aromatic,  and  chlorinated 
hydrocarbons infinite 

* ThM6  (tela  are  typk^  of  ci^renl  production  but  are  nd  necessarily  speciflcations. 
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Table  10.45:  (continued) 


High  Solvent  Capacity  for  Resins 

Many  THF  applications  are  based  on  its  sol- 
vent capacity  tor  resins,  including 
high-molecular-weight  vinyls.  For  example 
TFIF  is  the  solvent-of-choice  tor: 

■ PVC  pipe  welding  and  bonding  ot  other 
molded  items 

■ Vinyl  topcoating  tormulations.  e.g.  tor  auto- 
mobile roots  and  upholstery 

■ Magnetic  tape  binder  systems 

■ Thermoplastic  polyurethane  coatings 

■ Printing  inks  tor  plastics 

■ Polyurethane  adhesives  tor  shoes 

■ Polyester  laminating  adhesives 

■ Polymer  reactor  cleaning 


PVC,  CPVC,  polyvinylidene,  and  vinyl  chloride 
copolymers  dissolve  readily  In  TFIF  at  room 
temperature.  Solutions  with  high  solids  con- 
tent and  workable  viscosities  can  be  prepared. 
Many  other  resins,  elastomers,  and  uncured 
polyurethanes  and  epoxies  are  soluble.  The 
list  includes; 


Extraction  Solvent 

TFIF  is  an  excellent  extraction  solvent  for 
many  natural  products,  including  alkaloids, 
fats,  waxes,  rubbers,  and  resins.  The  follow- 
ing natural  resins  are  soluble  in  TFIF: 

Congo  ester 

coumarone-indene 

ester  gum 

dammar 

manila  copal 

pentaerythritol  ester  gum 

rosin 

shellac 

A 66°  boiling  point  allows  refluxing  in  norma! 
water-cooled  systems  without  loss  of  TFIF;  it 
also  simplifies  separation  and  recovery  of  the 
desired  product. 

Mixtures  of  TFIF  and  water  are  especially 
effective  solvents  for  alkaloids,  such  as 
caffeine. 


Typical  Range  of  Resin  Solubilities  In  THF  vs  MEK 


Resin 

Wt%  Resin  for  2500  cps,  25*C 

Type 

THF 

MEK 

Polyvinyl  Chloride’ 

13-20 

<3-5 

Chlorinated  Polyvinyl  Chloride^ 

16 

<5 

Poly  (Vinyl  Chloride /Vinyl  Acetate)^ 

27-40 

17-22 

Polyurethane" 

17 

<3 

Polyvinylidene  Chloride® 

44 

<3 

’**Exon’*  654  (Firestone) 

*Fli-Temp  “Geon”  (Goodrich) 

“Geon"  121,  101,  103EP  (Goodrich) 

PVC-71  Dispersion  (Diamond  Shamrock)  *“Vinylite"  VYNS,  VMCFI. 

PVC  Pearls  2200,  2250  (Escambia)  VYHH.  VAGH  (Union  Carbide) 

“Marvinor’  10  (Uniroyal) 

“Vinylite”  QYNV  (Union  Carbide)  ^"Estane"  5701  F-1  (Goodrich) 

“Vygen”  110, 120  (General  Tire)  *"Saran”  F-242  (Dow) 
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Table  10.45:  (continued) 


Rapid  Evaporation 
and  Diffusion  Rates 


When  used  in  topcoating,  printing,  or  other  con- 
tinuous operations,  THF  has  a distinct  advantage 
over  many  other  solvents  due  to  its  rapid  evapora- 
tion and  diffusion  through  plastic  films.  This  can 
substantially  reduce  costs  by  permitting  increased 
machine  speeds. 

Solvent 

Comparative 
Evaporation  Rate 

THF 

800 

DMF 

30 

1 ,4-Dioxane 

310 

Ethyl  Ether 

3300 

MEK 

570 

Toluene 

240 

Butyl  Acetate 

100 

The  rate  of  diffusion  of  THF  through  PVC  or  poly- 
vinylidene  films  is  about  twice  that  of  MEK. 


Typical 

Resin-Sovent  Applications 

Advantages  of  THF 

Welding  PVC  pipe 
and  bonding  molded 
plastic  articles. 

Gives  rapid,  uniform  bite  into  substrate  Can 
be  used  uncompounded  as  primer  coat  for 
cement.  Has  short  set  time  or  can  be  used 
with  cosolvent  to  control  set  time.  Compati- 
ble with  inorganic  fillers.  Contributes  excel- 
lent bond  strength.  Can  be  used  with  highest 
molecular  weight  resins  for  toughness.  Low 
viscosity  solutions  simplify  application  by 
machine  or  hand.  Stabilizes  adhesive  solu- 
tions and  minimizes  gelling.  Redisperses 
accidentally  gelled  formulation.  Rapid  evapo- 
ration increases  production  rates. 

Topcoating 
formulations 
for  vinyl  fabric 
and  sheeting 

Exceptional  capacity  for  high-molecular- 
weight  resins.  Coatings  are  dielectric  heat 
sealable,  resistant  to  plasticizer  migration, 
have  good  strength  and  durability.  Can  be 
used  In  solvent  mixtures  to  stabilize  the 
cosolvent  and  reduce  viscosity. 

Magnetic  tape 
manufacture 

Promotes  uniform  coating  thickness  when 
used  in  the  binder  system  or  in  prime  coats 
on  polyester  or  cellulose  acetate.  Rapid  dry- 
ing. Increases  production  rates. 

Pigmented 

polyurethane 

coatings 

No  effect  on  colors.  In  solutions  with  coales- 
cents,  produces  good  films  for  transfer  coat- 
ing fabric  laminates  employing  urethane- 
based  adhesive  tie  coats. 

Shrink  and  blister 
packaging 

Produces  films  with  strength,  clarity  and  uni- 
formity; more  impermeable  to  moisture  and 
air  than  many  calendered  or  organosol-cast 
films.  Requires  minimum  amount  of  solvent 
which  is  easily  recovered  for  low  cost.  Rapid 
evaporation  and  diffusion  reduce  solvent 
retention  and  bubble  formation. 

(continued 
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Table  10.45:  (continued) 

Typical 

Resln-Sovent  Applications  Advantages  of  THF 


Cellophane  coating  Minimizes  gelling  of  coating  formulation. 

Gives  high  coating  speeds.  Improves  clarity 
and  functional  properties  of  cast  film. 

Printing  inks  Permits  use  of  high-molecular-weight  resins 

for  Ink  toughness.  Can  be  used  in  flexo- 
graphic and  gravure  inks  and  for  printing 
PVC  wire  insulation  and  vinyl  sheeting  or  fab- 
rics. Quick  bite  and  rapid  evaporation 
reduces  srhears. 

Water  flushable.  Removes  vinyl,  polyureth- 
ane, ABS,  polystyrene,  and  other  resin 
deposits.  Residues  us^jly  dissolve  with  mild 
agitation.  Easily  recov^ed.  Can  be  used  to 
improve  formulations  for  paint  removers 
based  on  nonflammable  solvents.  Has  syner- 
gistic effect  In  cold  cleaners. 


Cleaning  polymer 
reactors,  engines, 
machinery;  paint 
removers 


Table  10.46:  2,3-Dihydropyran  (2) 


CH, 

/ \ 

CH,  CH 

CH,  l)H 


Physical  Properties 


Colorless  liquid 
with  characteristic  odor 
Molecular  weight  84.11 

Boiling  point  85-86°C 

Sp  . 0.923 


Table  10.47:  Tetrahydropyran  (2) 


Pentamethylene  Oxide 


(I) 

HjC 

WX  \(4) 


HsC  CHs 


i 


(I) 


(«  /CH, 
CH, 


Tetrahydropyran  reacts  with  chlorine  to  form  mono-,  di-,  tri-  and  tetrachlorotetrahydropyrans.  Reaction  with  acid  chlorides 
yields  omega-haloamyl  esters.  Conversion  to  dihalides  such  as  1 ,5-dibromopentane  and  1 ,5-dichloropentane  can  be  effected. 
Ammonia  and  aliphatic  and  aromatic  amines  yield  piperidine  and  substituted  piperidines.  It  Is  used  as  a solvent  for  resins, 
plastics  and  rubbers.  Lacquers  can  be  made  by  dissolving  certain  organic  film-forming  substances  in  tetrahydropyran.  Solu- 
tions of  high  solids  content  at  a working  viscosity  can  be  obtained.  A solution  of  nitrocellulose  in  tetrahydropyran  gives 
clear,  nonblushing  films.  Tetrahydropyran  Is  miscible  with  water,  drying  oils  and  most  common  organic  solvents.  The 
ether-like  structure  and  ability  of  tetrahydropyran  to  dissolve  a wide  range  of  nonresinous  materials  suggest  its  use  as  a 
reaction  medium  for  chemical  processes  such  as  GrIgnard  reactions. 


Appearance 

Odor 

Molecular  weight 
Boiling  point 
Specific  gravity,  20‘‘C/4“C 
Index  of  refraction,  N20/D 
Flash  point 


Colorless,  mobile,  liquid 

Ether-like 

8d.l3 

88“C  at  760  mm 

0.8814 

1.420 

-4"F 


Solubility — Miscible  with  water;  less  soluble  in  hot  than  cold  water.  Miscible  with 
alcohol,  ether,  and  most  common  organic  solvents. 


494  Industrial  Solvents  Handbook 


Table  10.48:  Tetrahydropyran-2-Methanol  (19) 


CH2OH 


PHYSICAL  PROPERTIES 


Determined  on  specially  purified  sample 


Molecular  Weight  116.16 

Apparent  Specific  Gravity  at  20/20°C 1.0272 

A Sp.Gr./A  t.,  10  to  40°C 0.00083  per  X. 

True  Density  at  20°C 1 .0254  g.  per  ml. 

Boiling  Point 

at  760  mm.  Hg 186. 8°C. 

at  300mm.  Hg 154°C. 

ot  10  mm.  Hg 72°C. 

Vapor  Pressure  ot  20°C < 0.1  mm.  Hg 

A b.p./A  p.,  750  to  770  mm.  Hg 0.051  °C.  per  mm.  Hg. 

Absolute  Viscosity 

at  0°C 29.3  cps. 

at20°C 11.0  cps. 

ot  40°C 5.4  cps. 

Surface  Tension  at  25°C 34.1  dynes  per  cm. 

Freezing  Point  -70°C.  (o) 

Heat  of  Vaporization  at  1 atm 164  Btu  per  lb. 

at  300  mm.  Hg  173  Btu  per  lb. 

Refractive  Index,  n^  20^C 1.4581 

A njj/A  t.,  20  to  40'^C 0.00043  per  X. 

Solubi  lity 

In  Water  ot  20°C Complete 

Water  In  at  20°C Complete 

Solubility  in  Organic  Solvents  at  25°C. 

acetone,  benzene,  ethyl  ether,  heptane, 

methanol,  carbon  tetrachloride  Complete 

Flash  Point,  Cleveland  open  cup  (ASTM  Method  D92)  200°F.  (b) 


(o)  Sats  to  o glaii  bo  low  thit  tomporoturo 
(b)  Commorciol  motoriol 


Table  10.49:  Terpinyl  Methyl  Ether  (2) 


Terposol  No.  3 


This  terpine  ether  known  as  terpinyl  methyl  ether  is  a light,  colored  liquid  with  a pleasant  odor,  which  contains  some 
impurities.  It  is  a strong  solvent  for  resins  and  is  used  in  alkyd  enamels  to  the  extent  of  2 per  cent  to  which  it  imparts 
flow. 
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Table  10.49:  (continued) 


Aniline  point 

Below  -20*C 

Color  (l/ovibond  500  Amber  Scries  Glasses) 
Distillation  range  (ASTM) 

1.0 

6% 

216.0*C 

50% 

216. 6®C 

90% 

217. 6*C 

95% 

218.*C 

Flash  point  (Cleveland  open  cup) 

178*F 

Freesing  point 

Below  -10®C 

Kauri-Dutanol  solvency  value 

Approx.  500 

Moisture 

0.10% 

Refractive  index  at  20'*C 

1,4712 

Specific  gravity  at  15.5/15.5*C 

0.9192 

Viscosity  at  25*C  (Ubbelohde) 

31.8  cp 

Glycol  Ethers 


Table  11.1:  ARCOSOLV  Ethylene  and  Propylene  Glycol  Ethers  (70) 


Physical  Properties 


ARCO 

TflAOENAME 

CHEMIUl. 

NAME 

CHmiCAL 

STHUCTURE 

CASI 

MOL. 

WT. 

BOlUNQ 

PT.*C 

760mfli 

SPECIFIC 

GRAVITY 

20/20 

LB8/GAL 

2(rc 

BETA 

FLASH’F 

EVAPORATION 

RATE 

(n-BuAc.100) 

PM 

Propylene  Glycol  Methyl  Ether 

CH3OCH2CHOHCH3 

107-98-2 

90.1 

120 

0.923 

7.65 

89TCC2 

66 

PE 

Propylene  Glycol  Ethyl  Ether 

CH3CH2OCH2CHOHCH3 

52125-53-8 

104.1 

133 

0.902 

7.50 

95 

47 

: • ' 

PNP 

Propylene  Glycol  n-Propyt  Ether 

CH3(CH2)20CH2CHOHCHa 

1569-01-3 

118.2 

150 

0.887 

7.38 

119TCC2 

21 

PTB 

Propylene  Glycol  t-Butyt  Ether 

(CH3)3C0CH2CH0HCH3 

57018-52-7 

132.2 

153 

0.870 

7.25 

113 

25 

Ja.  ‘ . A "* 

PN8 

Propylene  Glycol  n-Butyl  Ether 

CHaiGHj^OCHgCHOHCHg 

5131-66-8 

132.2 

170 

0.860 

7.30 

136 

7 

DPM 

Dipropylene  Glycol  Methyl  Ether 

CH3(OCH2CHCH3)20H 

34590-94-8 

146.2 

188 

0.951 

7.90 

167 

2 

DPNP 

Dipropyiene  Glycol  n-Propyl  Ether 

CH3(CH2)j(0CH2CHCH3)20H 

29911-27-1 

176.3 

212 

0.922 

7.70 

190  C03 

1.3 

r ■ i 

DPTB 

Dipropylene  Glycol  t-Butyl  Ether 

(CH3)3C(0CHzCHCH3)20H 

132739-31-2 

190.3 

212 

0.907 

7.54 

188 

1.5 

I -.■I 

DPNB 

Dipropyiene  Glycol  n-Butyl  Ether 

CH3(CH2)3(0CH2CHCH3)20H 

29911-28-2 

190.3 

229 

0.912 

7.58 

214 

0.4 

I ' '] 

Tripropylene  Glycol  Methyl  Ether 

CH3(0CH2CHCH3)30H 

25498-49-1 

206.3 

242 

0.962 

8.03 

232 

0.2 

Tripropylene  Glycol  n-Butyl  Ether 

CH3(CH2)3{0CH2CHCH3)30H 

55934-93-5 

248.4 

278 

0.934 

7.80 

255  PMCC* 

<.1 

EM 

Ethylene  Glycol  Methyl  Ether 

CH30C2H40H 

109-86-4 

76.10 

124 

0.966 

8.04 

105TCC2 

53 

EE 

Ethylene  Glycol  Ethyl  Ether 

C2H50C2H40H 

110-80-b 

90.12 

134 

0.931 

7.75 

110TCC2 

35 

EP 

Ethylene  Glycol  Propyl  Ether 

C3H70C2H40H 

2807-30-9 

104.15 

149 

0.913 

7,59 

120  TCC2 

22 

EB 

Ethylene  Glycol  Butyl  Ether 

CH3(CH2)30C2H40H 

111-76-2 

118.17 

169 

0.902 

7.51 

143TCC2 

6 

07 

'iZ 

EH 

Ethylene  Glycol  Hexyl  Ether 

C6H,30C2H40H 

112-25-4 

146,23 

200 

0.889 

7.40 

179TCC2 

1 

OO 

UJ 

EEH 

Ethylene  Glycol  Ethyl  Hexyl  Ether 

C4H9CH(C2H5)CH20C2H40H 

1559-35-9 

174.29 

224 

0.892 

7.42 

208 

0.3 

DM 

Diethylene  Glycol  Methyl  Ether 

CH3(0C2H4)20H 

111-77-3 

120.15 

191 

1.023 

8.51 

191  TCC2 

2 

DE 

Diethylene  Glycol  Ethyl  Ether 

C2Hs(0C2H4)20H 

111-90-0 

134.17 

198 

0.990 

8.25 

195TCC2 

2 

DP 

Diethylene  Glycol  Propyl  Ether 

C3H7(0C2H4)20H 

6881-94-3 

148.20 

202 

0.963 

6.04 

200TCC2 

1 

DB 

Oiethylene  Glycot  Butyl  Ether 

C4Hg(0C2H4)20H 

112-34-5 

162.23 

230 

0.955 

7.94 

232COC5 

0.3 

^ Developmental  Product 

2 Tag  Closed  Cup 

3 Closed  Cop 

^ Pensky*Martens  Closed  Cup 
® Cleveiand  Open  Cup 
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Table  11.2:  Ashland  Glycol  Ethers  (69) 


PRODUCT 

LB. /GAL. 
20®  C 

SP.  GR. 
20®/20*C 

BOILING  RANGE 
®C  ®F 

FL.  PT. 
“FTCC 

EVAP. 

RATE’ 

Glycol  Ether  PM 

7.65 

0.918 

117-125 

243-257 

91 

0.66 

Glycol  Ether  EP 

7.59 

0.910 

149-153 

301-308 

120 

0.22 

Glycol  Ether  PP 

7.36 

0.882 

150- 

302- 

119 

0.21 

Glycol  Ether  PTB 

7.30 

0.870 

151- 

304- 

113 

— 

Glycol  Ether  EB 

7.51 

0.903 

169-173 

336-343 

150 

0.06 

Glycol  Ether  PB 

7.32 

0.880 

170- 

338- 

138 

0.08 

Glycol  Ether  DPM 

7.92 

0.851 

180-193 

356-379 

172 

0.03 

Glycol  Ether  DM 

8.51 

1.023 

192-196 

376^5 

192 

0.02 

Glycol  Ether  DE 

8.25 

0.991 

198-205 

388401 

196 

<0.01 

Glycol  Ether  DP 

8.04 

0.969 

202-216 

396421 

200 

<0.01 

Glycol  Ether  DPP 

7.67 

0.922 

212- 

414- 

190 

<0.01 

Glycol  Ether  DB 

7.94 

0.954 

227-235 

441-455 

220 

<0.01 

Glycol  Ether  DPB 

7.63 

0.915 

229- 

444- 

21212 

<0.01 

Glycol  Ether  TPM 

8.06 

0.966 

236-251 

457-484 

240 

0.01 

Glycol  Ether  TPB 

7.7811 

0.93511 

276- 

529- 

27712 

<0.01 

1 n-Butyl  Acetate  = 1 11250C  ^^setaflash  | 
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Table  11.3:  Chemcentral  Glycol  Ethers  (67) 


GLYCOL  ETHERS 

CAS 

Mol* 

Welghl 

% 

Purity 

Comm. 

Pfod. 

Spec. 

Gr*v. 

25/25*C 

Lb«7 

Gal. 

• 

25*C 

Co*N. 

of 

Eipan. 
P*f  *C 

•C 

R*fr»c- 
Hv* 
ind*i 
• 25*C 

fnm*l  BolUfig  Polnl 
• 760  mm  Hg 

Vapor 
ProsB. 
«25«C 
mm  Hg 

Evap. 

Rat* 

•C 

•F 

ETHYLENE  GLYCOL  METHYL  ElHI  H 

1 M 

109  86  4 

76  1 

0 963 

BOI 

00100 

.00078 

1.400 

124.6 

2556 

9 7 

0.5 

ETHYLENE  GLYCOL  ETHYL  ETHER 

LI 

1 10  BO  S 

90  1 

99 

0928 

7 73 

00099 

00070 

1.406 

135.5 

2759 

5 3 

0.2 

ethylene  glycol  n butyl  EIM|  R 

r» 

ni  76  7 

1 18.7 

99 

0900 

7 49 

00097 

00066 

1.417 

171  1 

3400 

0 88 

0.1 

oiethylene  glycol  METHYI  FIHLO 

UM 

111  77-3 

120.1 

1 018 

847 

00091 

.00068 

1 424 

194.1 

351  4 

018 

< 0.01 

DIETHYLENE  GLYCOL  ETHYL  ETHEH 

DE 

111-90-0 

134.2 

0.988 

8.22 

.00088 

.00064 

1.425 

202.0 

395.6 

0.13 

<0,01  ■ 

oiethylene  glycol  ethyl  LTHF.H 

or  s<. 

Mill 

1 026 

855 

1.427 

185.0 

3650 

0 10 

< 0.01 

oiethylene  glycol  n butyl  ElHfM 

oil 

i»?  34  5 

^ 162.2 

96 

* 0952 

7 92 

' 00086” 

.00060 

1 430 

230.0 

446.0 

0.023 

< 0.01 

PROPYLENE  glycol  METHYL  LTMLH 

PM 

107  98  7 

90.1 

0 919 

7 65 

00107 

.00076 

1 402 

120  1 

248  2 

10  9 

0.66 

OIPROP'VLENE  GLYCOL  METHYL  FlHEH 

0PM 

3459  94  8 

148.2 

0 951 

7 91 

00100 

.00072 

1 419 

188.3 

370  9 

0 36  ' 

0.02 

TRIPBOPYLENE  GLYCOL  METHYL  ETHER 

TPM 

25498-48-1 

208.3 

0.965 

8.03 

.00090 

.00064 

1.428 

242.4 

468.3 

0.022 

<0.01 

•tcc 


GLYCOL  ETHERS 

SoluUi 

WL« 

lo*.? 

DtkiUon 

Ratio 

Bhith  Rat. 
%R*f. 
Humid. 

V1ac.8% 
RS  H Sac. 
NC  0 25*C 

Pour 

Point 

Flash 

Point 

Op*n  Cup 
•F 

Solu- 

MUy 

lnH,0 

Of  H,0 

TWuol 

Lactol 

e82*F 

cp* 

•tor 

f IMVl  F NT  GIYCOL  MLIHYL  1 THLR 

1 M 

oo 

oo 

5.3 

immiscibi* 

40 

61.06 

-124 

120 

10  8 

1 1HYU  NI  GLYCOL  ETHYL  1 THLH 

Ef 

OO 

oo 

66 

II 

61 

56  09 

- 148 

no* 

99 

1 TMYl  I NT  GLYCOL  n OUTYt.  ETHER 

LB 

OC) 

oo 

52 

2 2 

90 

105  96 

-103 

>65 

89 

014  IMYF  ENE  GLVCOI  METHYL  ETHEH 

DM 

oo 

oo 

46 

tmmisctbto 

56 

123  77 

-121 

200 

9 6 

OIETHYLENE  GLYCOL  ETHYL  ETHEH 

“ 

oo 

oo 

6.4 

0.6 

75 

144.40 

-130 

205 

9.6 

DU  THYJ  ENE  GLYCOL  ETHYl  ETHER 

DF  SO 

oo 

oo 

2.7 

immisciWo 

76 

167  17 

215 

96 

OFF  THYi.ENE  GLYCOL  n BUTYL  ETHEH 

DB 

oo 

65 

19 

95  ‘ 

242.35 

Tios 

230 

8 9 

F‘HOPYLENC  GLYCOL  METHYL  EThEH 

PM 

oo 

oo 

5.2 

b.9~ 

56 

67.86 

-142 

94» 

9 5 

OIPROPYLENE  glycol  METHYL  ether 

0PM 

oo 

CO 

4T 

0 8 

85 

168  38 

-1T7 

185 

8 7 

TRIPROPYLENE  GLYCOL  METHYL  ETHER 

TPM  ' 

oo 

oo 

3.1 

0.7 

90 

363.87 

-106 

250 

7.9 

k:  c 
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Table  11.4:  DOWANOL  Glycol  Ethers  and  Acetates  (23) 


Nomenclature  of  DOWANOL  Products 


DOWAHOLP^DUCT 

CHEMICAL  NAME 

FORMULA 

CA^  INDEX  NAME 

CAS2N0.3 

P-Series 

PM 

Propylene  Glycol 
Methyl  Ether 

CH3OC3H6OH 

2-Propanol,  1-methoxy- 

107-98-2 

DPM 

Dipropyler>e  Glycol 
Methyl  Ether 

CH30(CjH,0)2H 

Propanol,  (2-methoxy- 
methylethoxy)- 

34590-94-8 

TPM 

Tripropylene  Glycol 
Methyl  Ether 

CHjOlCjHsOjjH 

2-Propanol,  1-(2-(methoxy- 
1-methy!ethoxy)- 
1-methylethoxyj- 

25498-49-1 

PMA 

Propylene  Glycol 
Methyl  Ether  Acetate 

CH3OC3H6OOCCH3 

2-Propanol,  1-methoxy. 
-Acetate 

108-65-6 

DPMA 

DIpropylene  Glycol 
Methyl  Ether  Acetate 

CH30(C3H60)20CCH3 

Propanol,  (2-methoxy- 
methylethoxy), -Acetate 

88917-22-0 

PPh 

Propylene  Glycol 
Phenyl  Ether 

CfiHsOCaHgOH 

2-Propanol,  1-phenoxy- 

770-35-4 

BC-100 

Propylene-based 
Glycol  Ether  Blend 

107-98-2 

34590-94-8 

BC-200 

Propylene-based 
Glycol  Ether  Blend 

107-98-2 

34590-94-8 

BC-300 

Propylene-based  Glycol 
Ether  Acetate  Blend 

108-65-6 

88917-22-0 

E-Series 

EB 

Ethanol.  2-butoxy- 

111-76-2 

DB 

Diethylene  Glycol 
n-Butyl  Ether 

C4H90(C2H40)2H 

Ethanol,  2-(2-butoxy- 
ethoxy)- 

112-34-5 

TBH 

Tiiethylene  Glycol 
n-Butyl  Ether  and 
Higher  Homologs 

C4H90(C2H40)nH 

(n  = 3.4.5) 

Ethanol,  2-[2-(2-butoxy- 
ethoxy)  ethoxy]- 

143-22-6 

DM 

Diethylene  Glycol 
Methyl  Ether 

CH30(C2H40)2H 

Ethanol.  2-(2-methoxy- 
ethoxy)- 

111-77-3 

TMH 

Triethylene  Glycol 
Methyl  Ether  and 
Higher  Homologs 

CHj0(C2H40)„H 
(n= 3.4.5) 

Ethanol,  2-[2-(2-methoxy- 
ethoxy)  ethoxy]- 

112-35-6 

EPh 

Ethylene  Glycol 
Phenyl  Ether 

C6H5OC2H4OH 

Ethanol,  2-phenoxy- 

122-99-6 

DALPAD  A 

Aromatic-Based 
Glycol  Ether 

C6H5OC2H4OH 

Ethanol,  2-phenoxy- 

122-99-6 

< Chsmical  Abstract  Index  (American  Chemical  Society) 

2 Chemical  Abstract  Service  (American  Chemical  Society) 

3 CAS  No  lor  major  component.  Reler  to  MSDS  lor  detailed  CAS  No  listing 
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Table  11.4:  (continued) 

Specification  Limits  and  Analytical  Methods  for  OOWANOL  Products 


DOWANOL 

Dow  Method  tor 
Gas  Chromatography 
(6C) 

Assay,  Wt.% 
(GC) 

Giycol  Ether, 
Wt.%  (GC) 

Distillation  Range, 
°C  at  760  mm  Hg 
IBP-OP 

(ASTM  D-1078) 

Specific 
Gravity, 
25/25"C 
(ASTM  D-891) 

Color, 

APHA, 

max. 

(ASTM  D-1209) 

Water,  Wt.%. 
max. 

(ASTM  D-1364) 

% Acidity. 

(as  Acetic  Acid), 
max. 

(ASTM  D-1613) 

PM 

ML-AM-85-1 

Note  1 

117-125t 

0,918-0.921t 

10 

0.1 

DPM 

22345A 

99 

184-193t 

0.945-0.957t 

15 

0.15 

TPM 

236-251 

0.962-0.965 

15 

0.01 

PMA 

22477A 

99 

0.5 

140-150t 

15 

DPMA 

ML^AM-83-55 

98 

0.5 

15 

BC-100 

22036 

98.0 

15 

BC-200 

22037 

98.0 

15 

0 01 

BC>300 

09987A 

98.0 

0.5 

15 

0.05 

0.02 

EB 

169-173 

0.898-0.901 

10 

0.01 

DB 

227-235 

0.950-0.954 

10 

0.01 

DM 

191-198 

1.017-1.021 

10 

0.01 

Dow  Method 
(forGC) 

Di-Adduct 
Wt.%,  max. 

Tri-Adduct 
Wt.%,  min. 

Tetra-Adduct 
Wt.  %,  max. 

Penta-Adduct 
Wt.%,  max. 

Hexa-Adduct 
Wt.%,  max. 

Total  Glycol 
Wt.%,  max. 

Water,  Wt.%, 
max. 

TMH 

22560A 

5.0 

65.0 

24.0 

6.0 

1.0 

6.0 

0.2 

TBH 

22523A 

10 

53 

32 

8 

1.5 

5 

0.2 

Dow  Method 
(forGC) 

Assay,  Wt.  %, 
min. 

Related 
Compounds, 
Wt.%,  max. 

Specific 

Gravity, 

25/25"C 

Color,  APHA, 
max. 

Phenol, 
Wt.%,  max. 
(Note  2) 

PPh 

22484 

93 

7 

50 

0.1 

EPh 

22399C 

90 

10 

50 

0.5 

DALPAD  A 

1.106-1.110 

25 

t Typical  Property 

Note  1:  DOWANDL  PM  assay  includes  l-methoxy-2'propanol.  97%.  minimum,  and  2-methoxy-1-propanol.  3%.  maximum 
Note  2:  Dow  Method  22399C  is  used  to  determine  phenol  using  4-aminoantlpyrine  reagent  in  DOWANOL  EPh. 

Dow  Method  22484  is  used  to  determine  phenol  in  OOWANOL  PPh. 
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Table  11.4:  (continued)  Physical  Properties  of  DOWANOL  Glycol  Ethers  and  Acetates 


DOWANOL 

CHEMICAL  NAME 

STRUCTURAL  FORMULA 

Molec- 

ular 

Wl, 

Bolling 
Point 
(°CQ760 
mm  Hg) 

Flash 

Point 

(“F) 

Evap- 
oration 
Rate 
(nBuAc 
= 1.00) 

Specific 

Gravity 

(25/25"C) 

Lb/Gal 

(25“C) 

Vis- 

cosity 

(Centl- 

stokes 

25“C) 

Vapor 
Pres- 
sure 
al25'^C 
(mm  Hg) 

Surface 

Tension 

(dynes/ 

cm) 

SOLVENT  CONSTA 

Hansen  Solubility  Parameters^ 
(MPa'^»cm’mol  '^) 

NTS 

Solubility 

(mt/100mn 

hi 

(non- 

polar) 

(p^ar) 

(hydro- 

gen 

bonding) 

6t 

(Total) 

Solvent 

In 

Water 

Water 

In 

Solvent 

~ PM 
DPM 
TPM 

Propylene  Glycol  Melhy}  Ether 

CH,OCH,CHOHCH, 

90.1 

120,1 

0.71 

0.917 

7,65 

1.9 

12.5 

27.7 

15.6 

7.2 

13.6 

21.9 

00 

00 

Dipropylene  Glycol  Methyl  Ether 
1 rrpropylene  Glycol  Meihy!  Ether 

CH,0|CH,CH(Ciy01,H 

140.2 

104,0 

167* 

002 

0.950 

7.91 

3.6 

0.55 

28.0 

15.1 

6,0 

12.6 

208 

CO 

00 

CH,01CH,CH(CH,)01,H 

206,3 

242.4 

2322 

<001 

0,965 

a.03 

, 5.8 

0,02 

30.0 

14.9 

6.6 

10.4 

19.4 

CO 

00 

PMA 

Propylene  Glycol  Methyl  Ether  Acetate 

CHjOCiyCHlCHjjOOCCH, 

132,2 

145.0 

114* 

1 0.34 

0,966 

8.03 

1.1 

3.7’ 

26.4 

: 16.1 

6.1 

6.6 

10.4 

19.0 

3.2 

DPMA 

Dipropylene  Glycol  Melhyl  Ether  Acetate 

CH,01CH,CH(CH3)0),0CCH, 

190.2 

209.3 

186* 

<0.01 

0.976 

0.12 

3.0 

<1,0* 

28.6 

15.1 

5.3 

4.3 

16.6 

19.4 

3.5 

LU 

£ PUB 

Propylene  Glycol  n-Butyl  Ether 

C,HgOCH^CH(CHJOH 

132.2 

170.0 

138* 

0.08 

0.884 

7.37 

3.5 

0.6* 

26.3 

15.6 

5.8 

11.2 

20.1 

6.4 

16.0 

CO  — 

DPnB 

Dipropylene  Glycol  n^Butyl  Ether 

gyOfCHjCHICHjlOljH 

190.3 

229.0 

212* 

0.01 

0,906 

7.55  1 

5.4 

0.06* 

20.0 

15.4 

5.6 

9.0 

18.7 

5.0 

12.5 

TPnB 

Tripropyiene  Glycol  n-Butyi  Ether 

C,H,0|CH,CH(CH3)0)3H 

248,4 

276.0 

255® 

«0.01 

0.932 

7,77 

7.3 

<0,01* 

29.9® 

15.2 

5.8 

6.0 

17.6 

3.0 

0.0 

PPh 

Propylene  Glycol  Phenyl  Ether 

C,U.OC,H.OH 

152.2 

242.7 

240* 

<0,01 

1.063 

8.80 

23.2 

<0.01 

30.1 

18.7 

5.7 

11.3 

22.6 

1,1 

7.0 

PnP 

Propylene  Glycol  n Propyl  Ether 

C,H,OCH,CH(CH,)OH 

iia.2 

149.0 

119* 

0,21 

0.885 

7,38 

2.2 

1.7 

259 

15,5 

6,2 

12,4 

20-8 

00 

00 

_ DPnP 

Dipropylene  Glycol  n-Propyl  Ether 

C,H,01CH,(CH)CH,01,H 

176.2 

212.0 

190* 

0.015 

0.922 

770 

4.3 

0.12 

27.6 

15.3 

5.9 

10.2 

19.3 

19 

20.5 

“ EB 

Ethylene  Glycol  n-Butyl  Ether 

C,H,OC,H,OH 

118.2 

171.1 

150* 

0.07 

0.897 

7,49 

3.2 

0.88 

27.4 

16.0 

6.2 

11.4 

20.6 

00 

00 

DB 

Diethylene  Glycol  n-Butyl  Ether 

C,H,OC,H,OC,H.OH 

162.2 

230.0 

226® 

0,003 

0.952 

7,94 

5.2 

0.06 

30.0 

16.0 

7.0 

10.6 

20.4 

00 

00 

TBH 

<n 

Tfiethylene  Glycol  Butyl  Ether/Highers 

C,H,0(C3H.0)H  (n4,4,5) 

231 .2  Av 

283,0 

285® 

«0,01 

0.996 

8.30 

9.2 

<0.01 

31.4 

- 

- 

00 

LU  — - 

£ DM 

t/i 

Oiethylene  Glycol  Melhyl  Ether 

CH^OC^H^OC^H^OH 

120.1 

194.1 

197* 

0,02 

1.021 

8.47 

3.4 

0.25 

34.0 

16.2 

7.8 

12.6 

22.0 

CO 

00 

Ui 

TMH 

Tfiethylene  Glycol  Methyl  Elher/Highers 

CHjCKCjH.Oj^H  (Ite3,4,5) 

173.0  Av 

232.0 

255® 

«0.01 

1,054 

0.80 

7.0 

<0.01 

39.1 

- 

- 

- 

00 

- 

EPh 

Ethylene  Glycol  Phenyl  Ether 

C,H,OC,H,OH 

138.2 

245.6 

250* 

<0.01 

1.104 

9.20 

20.5 

0.007 

42.0 

17.0 

5.3 

12.3 

22.3 

2.3 

10.8 

DAIPADA 

Aromatic-Based  Glycol  Ether 

C.H.OC.H,OH 

138.2 

245.6 

ao* 

<0.01 

1,104 

9.20 

20.5 

0.007 

42.0 

17.8 

5.3 

12.3 

22.3 

2.3 

10.8 

* Trademark  ot  The  Dow  Chemical  Company 

^ Soiubihty  Parameters  are  useful  as  a guide  in  determining  the  ability  ot  a solvent 
or  a solvent  mixture  to  dissolve  resins  A discussion  of  solubility  parameters  and 
the  basis  lor  these  values  are  contained  in  an  article  by  C M,  Hansen,  I and  EC 
Product  Res  Oeve) , 8.  No.  1, 2*11.  March  1969  Another  useful  reference  is  a 
book  by  A.F.M  Barton  entitled  Handbook  ot  Sotubttity  Parawelers  and  Otbor 
Pfopcflies.  CRC  Press,  Boca  Raton,  Florida,  1991 

* Selaflash 

* Vapor  pressure  determined  at  20®C 

* Tag  Closed  Cup  (TCC) 

* Pensky- Martens  Closed  Cup  (PMCC) 

* Surface  tension  determined  at  20°C 


Regulatory  Information  on  Glycol  Ethers  as  of  August,  1993 

E-Series  P-Serfes 

CERCLA’  spill  reporting  requirements 1 lb Not  applicable 

SARA^  Title  III  release  reporting  required Yes No 

VOC^  per  Title  I,  Clean  Air  Act  Amendments  ot  1990, Yes Yes 

HAP^  compound  per  Title  III,  Clean  Air  Act  Amendments  oM99Q . Yes No 

’Comprehensive  Environmental  Response.  Compensation,  and  Liability  Act  ot  1980 
^upertund  Amendment  and  Reauthorization  Act 
A/olatile  Organic  Compound,  per  Federal  Register,  Vol.  57,  No.  22. 1/3/92 
tiazardous  Air  Pollutant 
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Table  11.5:  Eastman  Chemicals  Glycol  Ethers  (41) 


Evaporation 

Rate 

n-BuOAc  E 1 

Lb/ 
Gal  (g) 
20  *C 

Color 

Pt-Co 

Max 

Specific 
Gravity  (S> 
20*/20*C 

Acidity,  as 
Acetic  Acid 
Max  Wt  % 

Bolling 

Range 

•c 

Freezing 

Point 

•c 

Flash  Point 

TCC 

•CCF) 

Assay 
Min  Wt 
% 

EE  Solvent^  0.30 

(Ethylene  Glycol  Monoathyl  Ether) 
C2H8OC2H4OH 

7.75 

10 

0.931 

0.005 

134-136 

-94 

43  (110) 

99.9 

EKTASOLVE^  EP  Solvent  0.20 

(Ethylene  Glycol  Monopropyl  Ether) 
C3H7OC2H4OH 

7.59 

10 

0^91 3 

0.01 

149-154 

<-90 

49  (120) 

99.6 

EKTASOLVE  EB  Solvent  0.06 

(Ethylene  Qlycol  Monobutyl  Ether) 
C<H,OCiH40H 

7.51 

10 

0.902 

0.01 

169-173 

-75 

62  (143) 

99.6 

EKTASOLVE  DM  Solvent  0.02 

(Diethylene  Glycol  Monomethyl  Ether) 

CH3(0C2H4)20H 

8.51 

10 

1.023 

0.01 

191-198 

-85 

88  (191) 

EKTASOLVE  DE  Solvent  0.02 

(Diethylene  Glycol  Monoethyl  Ether) 
C2Hs(0C2H4)20H 

8.25 

10 

0.990 

0.01 

198-204 

-90 

91  (195) 

99.3 

EKTASOLVE  DE-HG  Solvent'’  <0.01  8.66 

(Diethylene  Glycol  Monoethyl  Ether/Ethylene  Glycol) 
1CjH5(OC2H4)jOH)(HOCHiCH20H1 

10 

1.027 

0.01 

190-205 

-70 

96  (205) 

EKTASOLVE  DP  Solvent  0.01 

(Diethylene  Glycol  Monopropyl  Ether) 
C3Ht(0C2H4)20H 

8.04 

10 

0.963 

0.01 

202-216 

<-90 

93  (200) 

99.4 

EKTASOLVE  DB  Solvent  0.003 

(Diethylene  Glycol  Monobutyl  Ether) 

C4H«(0C2H4)20H 

7.94 

10 

0.955 

0.01 

230-235 

-76 

111  (232) 
COC 

99.6 

EKTASOLVE  EEH  Solvent  0.003 

(Ethylene/Dlethylene  Glycol  2-Ethylhexyl  Ether) 
C4H,CH(CjHs)CHj0CiH40H 

7.42 

50 

0.892 

0.01 

224-275 

<-60 

98  (208) 

^For  sale  outside  USA  only 
^High  gravity  soivent 


NOMENCLATURE  OF  GLYCOL  ETHERS  AND  GLYCOL  ETHER  ESTERS 

CofnpOTyNinw 

EBiytmOIrcdl 

PrapytEttwr 

EthyteneOtyeol 
Butyl  Ellw 

Ettiylene  Qtyool 
2-Eltiythaxy1  Cttwr 

GLYCOL  EIHERS 

DfeOiylMwQlreal 
IMtyt  Ether 

DMtiytaneQlreal 
Ethyl  Ettw 

DMhylMOiyeal 
Propyl  Bhv 

OMiyIanaaycsl 

BetytEXar 

MiyIBNr 

Eastman 
Urton  Cartjide 
Dow 
Shetl 

Occidental 

Arco 

Eastman  EP 
Propyl  Catoso^'9 

Easfinan  EB 
Butyl  Ce/teso/ve 
DowttnofSB 
Butyl  Oxitol 
EB 

Eastman  EEH 

Eastman  OM 
Methyl  CarMtf 
Opirvn/DM 

Eastman 

Carftte/ ftwi  gravity) 
DowanoiOE 

DE 

EastnanOP 
Propyl  CarMof 

Eastman  06 
Butyt  CartMtf 
OpirvntOB 
Butyt  Oiojdtof 
06 

Methyl  PfDf^asol 
Dowa,vt^ 

ArtOTOArPM 

1 

Cofnpsny  Ntm« 

Itnytene  Cilyeot 
Brjtyt  Elhar  Acalste 

GLYCOL  ETHER  EST 

DIethylena  Otytot 
Ethyt  Ether  Acetal* 

wGtycoi  ; 

IT  Acetate 

Pwpytme  Qtycor 
Mathyt  Elhar  Aeatsii 

Eastman  I 

Union  Carbide 

Arco 

Dow 

Occideoial 

Ea^an  EB  acetate 
Bulyi 'Ceffosotve  acetate 

EB  acetate 

Eastman  DE  acetate 

Eastman  OS  acetate 
Butyt  Carbifo/ acetate 

OB  acetate 

1 

casffnam  acetate 
PiAettir'  Pmoasot  acerate 
Anxsotya  .icetaie 
Oowanor  PM  acetate 
PM  acetate 
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Table  11.6:  Grant  Chemical  Glycol  DIethera  (GLYMES)  (21) 


BP. 

POLYGLYME  ^ 

CH3-0-(CH2CH2-0)n-CH3 
Poly(ethylene  glycol)  dimethyl  ether 
[24991-55-7] 


BUTYL  DIGLYME  ^ 

CH3CH2CH2CH2-0-(CH2CH2-0)2-CH2CH2CH2CH3 

Diethylene  glycol  dibutyl  ether 
Bis(2-butoxyethyl)  ether 
Dibutoxydiethylene  glycol 
Dibutyl  Carbitol* 

5,8,11-trioxapentadecane 

[112-73-2] 


ETHYL  DIGLYME^ 

CH3CH2-0-(CH2CH2'0)2-CH2CH3 
Diethylene  glycol  diethyl  ether 
Bis(2-ethoxyethyl)  ether 
Diethoxydiethylene  glycol 
Diethyl  Carbitol* 

Ethane,  1,V-oxybis(2-ethoxy- 

3,6,9-trioxaundecane 

[112-36-7] 


ETHYL  GLYME 

CH3CH2-O-CH2CH2-O-CH2CH3 
Ethylene  glycol  diethyl  ether 
1 ,2-Diethoxyethane 
DIethoxyethylene  glycol 
Diethyl  Cellosolve* 

Ethane;  1.2diethoxy 

3,6-dloxaoctane 

(629-14-1) 


BP- 

12rC 


BP. 

275°C 


B.P. 

216°C 


B.P. 

162°C 


B.P. 

85.2‘’C 


TETRAGLYME 

CH3-0-(CH2CH2-0)4-CH3 
Tetraethylene  glycol  dimethyl  ether 
Bis[2-(2-methoxyethoxy)  ethyl]  ether 
Dimethoxytetraethylene  glycol 
2,5,8, 1 1 ,14-pGntaoxapentadecane 
[143-24-8] 


TRIGLYME 

CH3-0-(CH2CH2-0)3-CH3 
Triethylene  glycol  dimethyl  ether 
1 ,2-Bis(2-methoxyethoxy)  ethane 
Dimethoxythethylene  glycol 
2,5,8, 1 1 -tetraoxadodecane 
[112-49-2] 


DIGLYME 

CH3-0-(CH2CH2-0)2-CH3 
Diethylene  glycol  dimethyl  ether 
Bis(2-methoxyethyl)  ether 
Dimethoxydiethylene  glycol 
Dimethyl  Carbitol* 

Ethane,  1,1’-oxybis[2-methoxy- 

2,5,8-trioxanonane 

[111-96-6] 


MONOGLYME 

CHa-O-CH^CHe-O-CHs 
Ethylene  glycol  dimethyl  ether 
1 ,2-Dimethoxyethane 
DImethoxyethylene  glycol 
DME 

Ethane,  i ,2-dimethoxy- 
2,5-DK)xah0xane 
1110-71  4j 


(continued) 


Table  11.6:  (continued) 


Physical  and  Thermodynamic  Properties 


M ///i  /i  A 


A/<§'  / 
A 

/S' 


MONOGLYME 

C4H.0O2 

90.12 

85.2 

ETHYL  GLYME 

C6H14O2 

118.18 

121 

DIGLYME 

CsHhOs 

134.17 

162 

ETHYL  DIGLYME 

CbHisOs 

162.23 

189 

TRIGLYME 

CbHi804 

178.22 

216 

BUTYL  DIGLYME 

C12HI603 

218.34 

256 

TETRAGLYME 

CtoH2205 

222.28 

275 

POLYGLYME* 

CflhUrMtORr? 

275 

-29.7  1.0' 


* Mixture  of  high  motecular  weight  glymes. 


54 

499 

1.1 

22.9 

0.438  205 

9 

105 

0.7 

2 

36 

2.0 

27.0 

0.403  190 

0.5 

4 

1.4 

27.2 

0.02 

<0.1 

3.8 

29.4 

0.424  195 

<0.01 

<0.1 

2.4 

27.0 

0.495  190 

<0.01 

<0.1 

4.1 

33.8 

i 

0.427  215 

<0.01 

<01 

12 

215 

Specifications 


PURITY 

flyGc.j. 

ACIDITY 

(as  acetic  add) 
ppm 

WATER 

CONTEffT 

ppm 

PEROXIDE 

CONTENT 

ppm 

MIN 

TYPICAL 

MAX 

TYPICAL 

MAX 

TYPICAL 

MAX 

TYPICAL 

MONOGLYME 

99.90 

99.97 

150 

25 

350 

175 

15 

5 

ETHYL  GLYME 

97.0 

96.5 

150 

25 

1000 

300 

15 

5 

DIGLYME 

99.90 

99.94 

150 

25 

250 

150 

15 

5 

ETHYL  DtGLYME 

98.0 

99.0 

150 

25 

2000 

500 

15 

5 

TRIGLYME 

96.0 

99.0 

150 

25 

500 

100 

15 

5 

BUTYL  DIGLYME 

98.5 

99.0 

100 

25 

500 

250 

15 

5 

TETRAGLYME 

96.0 

99.0 

150 

25 

500 

100 

15 

5 
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Table  11.7;  Occidental  Ethylene  Glycol  Ethers  and  Glycol  Ether  Acetates  (27) 

Products,  Grades  and  Specifications:  Glycol  Ethers  and  Acetates 


SPECIFICATION* 

EM 

EM^ 

DM 

DM^ 

TM 

EE 

weight  % min 

99.5 

98 

Color,  API-IA  max 

10 

15 

10 

10 

50 

10 

Acidity  (as  acetic  acid). 

0.01 

0.01 

0.01 

0.005 

wt%  max 

Specific  gravity,  20/20“C 

0.964  - 

0.963  - 

1.021- 

1.020- 

1.038- 

0.929- 

0.967 

0.967 

1.027 

1.025 

1.058 

0.932 

Distillation  range,  IBP,  min 

123.5 

123.5 

191.0 

191.0 

235.0 

134 

DP,  °C  max 

125 

125.5 

198.0 

198.0 

255.0 

136 

Water,  weight  % max 

0.10 

0.15 

0.10 

0.10 

0.2 

0.10 

Acid  no..  mgKOH/gm,  max 

0.09 

0.09 

Ethylene  glycol,  wt  % max 

0.025 

0.5 

pH,  25%  solution  at  25°C 

5.0  - 7.0 

5.0  - 8.5 

5.0  - 9.0 

Refractive  index  at  20°C 

1.4015-1,4025 

Antioxidant  (BKH,  ppm 

50  - 150 

50  - 150 

Flash  point  (PMCC).  °C 

85 

SPECIFICATION* 

DE 

EB 

DB 

EEA 

EBA 

DBA 

Purity,  weight  % min 

99.0 

98.0 

98.0 

Color,  APHA  max 

10 

10 

10 

15 

15 

15 

Acidity  {as  acetic  acid), 
wt%  max 

0.01 

0.01 

0.01 

0.02 

0.02 

0.02 

Specific  gravity,  20/20°C 

0.989  - 
0.994 

0.901- 

0.904 

0.953- 

0.956 

0.971- 

0.976 

0.940- 

0.944 

0.975- 

0.985 

Products,  Grades  and  Specifications:  Heavy  Glycol  Ethers 


SPECIFICATION* 

HM 

HHM 

HE 

HB 

Triethylene  Glycol  Monomethyl  Ether  and  higher 
molecular  wt.  Monomethyl  Ethers,  wt  % min 

55.0 

55.0 

Diethylene  Glycol  Monomethyl  Ether,  wt  % max 

10.0 

2.0 

Triethylene  Glycol  Monoethyl  Ether  and  higher 
molecular  wt.  Monoethyl  Ethers,  wt  % min 

70.0 

Diethylene  Glycol  Monocthyl  Ether,  wt  % max 

10.0 

Triethylene  Glycol  Monobuthyl  Ether  and  higher 
molecular  wt.  Monobuthyl  Ethers,  wt  % min 

88.0 

Diethylene  Glycol  Monobuthyl  Ether,  wt  % max 

12 

Water,  weight  % max 

0.1 

0.1 

0.1 

0.1 

pH.  alcoholic  (50/50) 

7.5-11.0 

7.5-11.0 

7.5-11.0 

7.5-11.0 

Color.  APHA  max 

100 

100 

100 

200 

Specific  gravity  at  20/20°C  (typical) 

1.03-1.06 

1.04-1.06 

0.99-1.06 

0.984-1.002 

Minimum  Boiling  Point  °C 

238 

249 

220 

250 

(continued) 
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Table  11.7:  (continued) 


Occidental  Glycol  Ethers  and  Glycol  Ether  Acetates 


■ TYPICAL  PROPERTIES 

EM 

EM-J 

DM 

DM-J 

TM 

EE 

Molecular  weight 

76.1 

76.1 

120.15 

120.15 

164.2 

90.1 

Aulo-igniUon  temp..  “C 

285 

285 

- 

235 

Bolling  point, 

124.2 

124.5 

194.0 

194.0 

249.0 

135.5 

Freezing  point, 

-85 

-85 

-68.9 

-68.9 

-44.0 

-90 

Flash  point  (TCC).  °F 

105 

105 

192 

192 

238 

1 10 

Surface  tension  @ 25®C, 
dynes/ cm2 

30.9 

30.9 

35.9 

35.9 

38.7 

28.2 

Refractive  index  at  20“C 

1.4021 

1.4021 

1.4263 

1.4263 

1.4381 

1.4076 

Vapor  pressure  at  20''C. 
mm  Hg 

6.2 

6.2 

0.2 

0.2 

<0.01 

3.8 

Viscosity  at  20®C,  cP 

2.05 

2.05 

3.87 

3.87 

7.5 

2.1 

■ Coeff.  of  expansion  at  20®C 

0.00095 

0.00095 

0.00088 

0.00088 

0.00088 

0.00097 

Weight/ gal.  in  lbs.  at  20®C 

8.04 

8.04 

8.51 

8.51 

8.74 

7.75 

TYPICAL  PROPERTIES 

DE 

EB 

DB 

EEA 

eba 

DBA 

Molecular  weight 

134.17 

118.2 

162.2 

132.2 

160.2 

204.3 

Auto-ignition  temp.,  ®C 

204 

244 

228 

379 

340 

200 

Boiling  point.  '‘C 

202 

171 

230 

156.4 

- 

Freezing  point, 

-76 

-70 

-68 

-62 

- 

Flash  point  fTCC),  T 

196 

150 

214 

126 

165 

240 

Surface  tension  @ 25®C, 

dynes/ cm2 

31.8 

27.4 

30.0 

- 

- 

Refractive  index  at  20®C 

1,4297 

1,4193 

1.4316 

1.4030 

1.4200 

1.4200 

Vapor  pressure  at  20°C, 
mm  Hg 

0.1 

< 1 

<0.1 

2.0 

0.25 

0.04 

Viscosity  at  20®C,  cP 

4.5 

6.4 

6.5 

1.3 

1.8 

3.6 

Coe/T.  of  expansion  at  20“C 

0.00090 

0.00092 

0.00085 

0.00109 

0.00100 

0.00097 

Weight/gal.  in  lbs.  at  20°C 

8.25 

7.52 

7.95 

8.11 

7.85 

8.16 

(continued 


specific  Gravity,  t/20®C 


Table  11.7:  (continued) 

Specific  Gravity  vs  Temperature  of  the  Glycol  Ethers 


Temperature,  °C 


Density  @ 25°C,  Grams/Liter 


Density  vs  Composition  of  Aqueous  Glycol  Ether  Solutions 


1.050 
1.040 
1.030 
1.020 
1.010 
1.000 
0.990 
0.980 
0.970 
0.960 
0.950 
0.940 
0.930 
0.920 
0.910 
0.900 

0 20  40  60  80 


Composition.  Weight  9r  Glycol  Ether 


(continued) 
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Composition,  Weight  % Glycol  Ether 


Table  11.7:  (continued) 


Freezing  Point  vs  Composition  of  Aqueous  Glycol  Ether  Solutions 


Viscosity  @ 25*C,  Centipoise 


Viscosity  vs  Composition  of  Aqueous  Glycol  Ether  Solutions 


Composition,  Weight  % Glycol  Ether 

(continued) 
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Vapor  Pressure,  mm  Hg 


Vapor  Pressure  vs  Temperature  of  the  Glycol  Ethers 


(continued) 
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Surface  Tension  @ 25°C,  Dynes/Cemtimeter 


Table  11.7:  (continued) 


Surface  Tension  vs  Composition  of  Aqueous  Glycol  Ether  Solutions 


Composition,  Weight  % Glycol  Ether 


Equilibrium  @ 760  mm  of  Aqueous  Glycol  Ether  Solutions 
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Table  11.8:  Olin  Chemicals  Poly-Solv  Propylene  Glycol  Ethers  (66) 


Olin  produces  five  ethylene  glycol  ethers: 
PolyhSofv^*  EM,  ethylene  glycol  monomethyl  ether 
(CH3OCH2CH2OH) 

Poly-Solv  DM,  diethylene  glycol  monomethyl  ether 
(CH3OCH2CH2OCH2CH2OH) 


Poly-Solv  DE,  diethylene  glycol  monoethyl  ether 
{CH3CH2OCH2CH2OCH2CH2OH) 

Poly-Solv  TM,  triethylene  glycol  monomethyl  ether 
CH3(0CH2CH2)3  OH 

Poly-Solv  TE,  triethylene  glycol  monoethyl  ether 
CH3CH2(0CH2CH2)30H 


Typical  Physical  Properties 


EM  • 

DM 

DE 

TM 

TE 

Boiling  Point  (°C) 

@ 760  mm  Hg 

124 

194 

202 

249 

256 

@ 50  mm  Hg 

55 

115 

121 

152 

158 

@ 10  mm  Hg 

27 

82 

87 

126 

130 

Coefficient  of  Expansion 

@20«C 

0.00095 

— 

— 

— 

— 

(i55»C 

0.00099 

0.00088 

0.00084 

— 

— 

Density  @ 25°C  (Ib/gal) 

8.05 

8,51 

8.24 

8.71 

8.50 

Flash  Point,  TCC  (”C) 

41 

87 

85 

— 

— 

no 

106 

188 

185 

— 

— 

Flash  Point,  COC  fC) 

— 

— 

— 

118 

124 

no 

— 

— 

— 

245 

255 

Freezing  Point  (®C) 

-85 

-85 

-76 

-55 

-21 

no 

-121 

-121 

-105 

-67 

-5.8 

Heat  of  Vaporization  @ 760  mm  Hg 

(joules/g) 

555.9 

379.1 

402.4 

327.6 

299.8 

Molecular  Weight 

76.09 

120.15 

134.17 

164.20 

178.23 

Refractive  Index  @ 20®C 

1.4021 

1.4263 

1.4273 

1.4381 

1.4376 

Solubility  @ 20®C 

Poly-Solv  in  water 

Complete 

Complete 

Complete 

Complete 

Complete 

water  in  Poly-Solv 

Complete 

Complete 

Complete 

Complete 

Complete 

Specific  Gravity,  apparent  @ 20/20®C 

0.966 

1.021 

0.989 

1.048 

1.022 

Specific  Heat  @ 20®C  (joules/g-®C) 

2.233 

2.149 

2.308 

— 

— 

Vapor  Pressure  @ 20®C  (mm  Hg) 

6.2 

0.2 

0.1 

<0.01 

<0.01 

Viscosity,  absolute  @ 20®C  (cp) 

1.7 

3.9 

4.5 

7.5 

7,8 

EM 

Specifications 
DM  DE 

(regular) 

DE 

(low 

gravity) 

TM 

TE 

Water,  max 

(%  by  weight) 

0.01 

0.1 

0.2 

0.1 

0.1 

0.1 

Acidity,  as  acetic  acid 

(%  by  weight) 

0.01 

0.01 

0,01 

0.01 

0.01 

0.01 

Specific  Gravity  @ 20/20®C 

0.964- 

1.019- 

1.024- 

0.989- 

1.037- 

1.020 

0.967 

1.025 

1.030 

0.993 

1,055 

1.035 

Color,  max  (APHA) 

10 

15 

10 

10 

50 

50 

Odor 

M 

M 

M 

M 

C 

C 

Suspended  Matter 

F 

F 

F 

F 

F 

F 

Boiling  Range  (®C) 

Initial  boiling  point,  min 

123.5 

191 

190 

198 

220 

225 

5%,  min 

— 

— 

— 

— 

230 

235 

95%,  max 

— 

— 

200 

— 

— 

— 

Dry  point,  max 

125.5 

198 

205 

205 

— 

— 

M«MiW  N SubsUntially  none  C » Charactehsuc  F « Substantially  Free 


(continued) 
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Table  11.8:  (continued) 

Olin  offers  three  propylene  glycol  monomethyl  ethers: 
Poly-Solv^*  MPM,  propylene  glycol  monomethyl  ether 
CH3  (0C3H6)0H 

Specifications 


MPM 

DPM 

TPM 

Acidity,  as  acetic  acid, 

max  (%  by  weight) 

0.01 

0.01 

0.01 

Water,  max 

(%  by  weight) 

0.1 

0.1 

— 

Specific  Gravity 

@ 20/20“C 

0.922- 

0.953- 

0.964- 

0.925 

0.957 

0.976^ 

Color,  max  (APHA) 

10 

15 

15 

Suspended  Matter 

S 

S 

Boiling  Range 

@ 760  mm  Hg  (°C) 

Initial  Boiling  Point,  min  119 

180 

236 

Dry  Point,  max 

125 

196 

251 

*@25/23<*C  Substantially  free 


Poly^Solv  DPM,  dipropylene  glycol  monomethyl  ether 
CH3  (0C3H6)20H 

Poly-Solv  TPM,  tripropylene  glycol  monomethyl  ether 
CH3  (0C3H6)30H 


Typical  Physical  Properties 


MPM 

DPM 

TPM 

Boiling  Point 

@ 760  mm  Hg  (°C) 

120 

187 

242 

Flash  Point®  (®C) 

32 

78 

107 

(®F) 

89 

172 

225 

Molecular  Weight 

90.1 

148.2 

206.3 

Pour  Point  (°C) 

-97 

-83 

-78 

Refractive  Index,  n^ 

@25°C 

1.4036'^ 

1.419 

1.428 

Solubility  in  Water 

Complete 

Complete 

Complete 

Specific  Gravity 

@ 20/20 

0.923 

0.954 

0.969 

Vapor  Pressure 

@ 20®C  (mm  Hg) 

12.5 

0.4 

0.02 

Viscosity  @ 20®C  (cs) 

1.9 

3.9 

6.1 

‘i’cnsky  Martin  Closed  Flask  Test 

®@2(TC 

Table  11.9:  Union  Carbide  Giycoi  Ethers  (19) 


Alcohol 

Ethylene 
Oxide,  moles 

Methanol 

Ethanol 

Propanol 

Butanol 

Hexanol 

1 

Methyl  CELLOSOLVE 
Solvent 

CELLOSOLVE 

Solvent 

Propyl  CELLOSOLVE 
Solvent 

Butyl  CELLOSOLVE 
Solvent 

Hexyl  CELLOSOLVE 
Solvent 

(Ethylene  Glycol 
Monomethyl  Ether) 

(Ethylene  Glycol 
Monoethyl  Ether) 

(Ethylene  Glycol 
Monopropyl  Ether) 

(Ethylene  Glycol 
Monobutyl  Ether) 

(Ethylene  Giycoi 
Monohexyl  Ether) 

CAS*  109-86-4 

CAS  11 0-80-5 

CAS  2807-30-9 

CAS  111-76-2 

CAS  112-25-4 

2 

Methyl  CARBITOL 
Solvent 

CARBITOL 

Solvent 

Butyl  CARBITOL 
Solvent 

Hexyl  CARBITOL 
Solvent 

(Diethylene  Glycol 
Monomethyl  Ether) 

(Diethylene  Glycol 
Monoethyl  Ether) 

(Diethylene  Glycol 
Monobutyl  Ether) 

(Diethylene  Glycol 
Monohexyl  Ether) 

CAS  111-77-3 

CAS  11 1-90-0 

CAS  11 2-34-5 

CAS  11 2-59-4 

3 

Methoxytriglycol 

Ethoxytriglycol 

Butoxytriglycol 

(Triethylene  Glycol 
Monomethyl  Ether) 

(Triethylene  Glycol 
Monoethy)  Ether) 

(Triethylene  Glycol 
Monobutyl  Ether) 

CAS  11 2-35-6 

CAS  11 2-50-5 

CAS  143-22-6 

^Chemical  Abstract  Service  (CAS)  Number 


514  Industrial  Solvents  Handbook 

METHYLAL 


CH^OCH^OCH^ 

Methylal  is  a low-boiling  solvent,  stable  in  the  presence  of  alkalis  and  mild  acids,  and  to  high  temperatures  and  pressures. 
It  differs  from  other  ethers  in  that  it  forms  only  minute  amounts  of  peroxides.  It  will  dissolve  such  synthetic  resins  as  nitro- 
cellulose, cellulose  acetate  and  propionate,  ethyl  cellulose,  vinyl,  "Epons"  and  polystyrene,  and  also  many  of  the  natural 
gums  and  waxes.  Methylal  as  a latent  solvent  Is  activated  by  the  addition  of  esters,  ketones  or  olcohols.  Its  evaporation 
rate,  twice  that  of  acetone,  places  this  ether  in  a class  with  such  solvents  as  acetone,  methyl  acetate  and  ethyl  acetate 
in  resin  formulations. 

Table  11.10:  Physical  Properties  of  Methylal  (2) 

Acidity  (as  acetic  acid),  % by  wt.  (max.) 

Aldehydes,  % by  wt.  (max.) 

Appearance 

Boiling  point  at  760  mm.  Hg,  °C. 

Boiling  range,  °C . 

Flash  point  (Cleveland  open  cup),  °F. 

Freezing  range,  °C. 

Heat  of  combustion  (Btu/lb.)  at  20°C. 

Refractive  index  (np  at  25°C.) 

Melting  point,  °C . 

Methylal  content,  % (min.) 

Molecular  weight 

Specific  gravity,  20/20°C. 

Surface  tension  at  25°,  dynes/cm. 

Vapor  pressure  at  20°C.,  mm.  Hg 

Viscosity  at  20°C.,  centipoises 

ETHYLENE  GLYCOLS 

Table  11.11:  Ethylene  Glycol  Monomethyl  Ether  (2) 

METHYL  CELLOSOLVE  Solvent 
POLY-SOLV  EM 
ARCOSOLV  EM 
Glycol  Ether  EM 

Ethylene  glycol  monomethyl  ether  is  a colorless,  limpid  liquid  of  mild  odor.  It  Is 
miscible  with  water  and  with  aliphatic  and  aromatic  hydrocarbons.  It  is  a solvent 
for  essential  oi Is,  lignin,  dammar,  elemi,  ester  gum,  kauri,  mastic,  rosin,  sandarac, 
shellac,  Zanzibar,  nitrocellulose,  cellulose  acetate,  alcohol-soluble  dyes  and  many 
synthetic  resins.  Its  solvency  for  cellulose  esters  Is  augmented  when  a ketone  or  a 
halogenated  hydrocarbon  is  added.  The  uses  for  methyl  "Cellosolve"  are  as  a sol- 
vent in  quick-drying  varnishes  and  enamels.  In  conjunction  with  aliphatic,  aromatic 
and  halogenated  hydrocarbons,  alcohols  and  ketones;  in  solvent  mixtures  and  thinners 
for  lacquers  and  dopes;  in  the  manufacture  of  synthetic  resin  plasticizers  and  as  a 
penetrating  and  leveling  agent  in  dyeing  processes,  especially  in  the  dyeing  of  leather, 
animal  and  vegetable  fibers.  Other  uses  are  as  a fixative  in  perfumes  and  as  a solvent 
in  odorless  nail-polish  lacquers.  “Dowanol  EM"  should  not  be  added  to  nitrocellulose 
lacquers  containing  coumarone  resins  or  ester  gum  because  it  will  cause  incompatibility 
between  these  substances. 


HO-CH^CH^-O-CH^ 


0.1 

0.1 

water-white 

42.3 

42.0  to  43.5 
0 

-104.8 
10.97 
1 .35335 
-104.8 
97 

76.1 
0.8601 

21.1 
330 
0.325 


Di  methoxymethane 
Methylene  Dimethyl  Ether 


(continued) 
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Table  11.11:  (continued) 


Acidity  (as  acetic  acid)  % by  wt.  (max.) 

0.01 

Bolling  point  at  760  mm.  Hg,  . 

124.2 

Color  (APHA,  max.) 

15 

Coefficient  of  expansion  at: 

20°C. 

0.00095 

55^C. 

0.00099 

Flash  point  (Cleveland  open  cup),  °F. 

115 

Freezing  range,  ®C . 

-85.1 

Heat  of  vaporization  (Btu/lb.) 

239 

Refractive  index  (np  at  25®C.) 

1.4021 

Molecular  weight 

76.09 

Specific  gravity,  20/20®C. 

0.9663 

Specific  heat  (average)  cal./®C. 

0.534 

Surface  tension  at  25 ®C.,  dynes/cm. 

30.8 

Solubi  llty: 

in  water  at  20®C. 

complete 

water  in  at  20®C . 

complete 

Vapor  pressure  at  20®C.,  mm.  Hg 

9.7 

Viscosity: 

at  25®F.,  centipoises 

1.53 

at60®F,,  centipoises 

0.85 

Weight  per  gal.  at  20®C.,  lb. 

8.01 

Table  11-12:  Ethylene  Glycol  Monoethyi  Ether  (2) 


CELLOSOLVE  Solvent 
ARCOSOLV  EE 
Glycol  Ether  EE 


H0CH2CH20C2H^ 


This  colorless  liquid  has  a mild  and  agreeable  odor  and  combines  a low  evaporation 
rate  with  a strong  solvent  action.  It  is  miscible  in  all  proportions  with  acetone, 
benzene,  carbon  tetrachloride,  ethyl  ether,  methanol  and  water.  It  has  a powerful 
solvent  action  on  nitrocellulose  and  alkyd  resins  and  an  extremely  high  dilution  ra- 
tio with  coal-tar  hydrocarbons.  This  solvent  will  tolerate  4.9  times  Its  own  volume 
of  toluene  before  the  mixture  will  cease  to  dissolve  nitrocellulose,  while  butyl  ace- 
tate will  tolerate  only  2.9  times  its  volume. 


Acidity  (as  acetic  acid),  % by  wt.  (max.)  O.Ol 


Appeo  ranee  water-white 

Boiling  point  at  760  mm.  Hg,  ®C.  134.7 

Fire  point  (open  cup),  ®F  . 1 15 

Flash  point  (Cleveland  open  cut),  ®F.  1 15 

Freezing  range,  ®C  . -59 

Refractive  index  (n[)  at  20®C.)  1 .4076 

Molecular  weight  90. 1 


Specific  gravity,  25/25 ®C. 

Specific  heat  (average)  cal./®C. 
Surface  tension  at  25 °C.,  dynes/cm. 
Vapor  pressure  at  25 ®C.,  mm.  Hg 
Viscosity: 

at  25®C.,  centipoises 
at  60®C.,  centipoises 
Weight  per  gol.  at  20®C.,  lb. 


Table  11.13:  Ethylene  Glycol  Dimethyl  Ether  (21) 


MONOGLYME 

CgHioOg 

Molecular  Weight 

90.12 

Surface  Tension,  dynes/cm  20'’C  22.9 

Boiling  Point,  °C,  760  mm  Hg 

85.2 

Specific  Heat,  cal/g/°C 

0.438 

Freezing  Point,  °C 

-69.0 

Auto  Ignition,  °C 

205 

Specific  Gravity,  20720®C 

0.8683 

Vaporization  Heat,  Kcal/mol 

6.7 

Weight  per  Gallon,  lb  20°C 

7.24 

Combustion  Heat,  Kcal/mol 

602 

Vapor  Pressure,  mm  Hg/20°C 

54 

Formation  Heat,  Kcal/mol 

118 

Volatility,  n-Butylacetate  ==  100 

499 

Flash  Point,  °C,  closed  cup 

-6 

Viscosity,  cp  20®C 

1.1 

Refractive  Index,  at  20®C 

1 .3792 

0.9311 

0.53 

28.2 

5.3 

1.84 

0.94 

IJl 
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Table  11.14:  Ethylene  Glycol  Diethyl  Ether  (2) 
ETHYL  GLYME 


C2H5OCH2CH2OC2H5 


Boiling  point  at  760  mm.  Hg,  ®C. 

121.4 

Specific  gravity,  20/20®C. 

0.8417 

Flash  point  (Cleveland  open  cup),  ®F. 

80 

Vapor  pressure  at  20®C.,  mm.  Hg 

9.4 

Freezing  range,  ®C. 

-74 

Viscosity  at  20®C.,  centipoises 

0.65 

Refractive  index  (nQ  at  25 ®C.) 

1.3922 

Weight  per  gal . at  20®C ,,  Ib. 

7.01 

Molecular  weight 

118.2 

Table  11.15:Ethylene  Glycol  Monopropyl  Ether  (19) 

Propyl  CELLOSOLVE  Solvent 
ARCOSOLV  EP 


Glycol  Ether  EP 
EKTASOLVE  EP 


Solvent 

Formula 

Molecular 

Weight 

Boiling 
Point,  “C 

Freezing 
Point,  “C 

Ftaih 

Point,  •FW 

Vdpor 
Pressure, 
mm  Hg 

Propyl  CELLOSOLVE  Solvent 

104.15 

151.1 

-9(K« 

135 

1.71 

Specific 

Gravity; 

20/20«C 

Pounds 

Per 

Gallon 

Coefffcfent 

of 

Expansion 

at20<>C 

Solubility  at 
2(TC.%bywt 

Relative 

Surface  tension 
atZ5°C.  dynas/cffl 

In 

Water 

Water 

In 

cvapuranun 

Rate  Neat  25ViAq. 

(nBuAc  s 100)  Product  Solution!^) 

0.913 

7.60 

0.00095 

Complete 

Complete 

21 

26.3 

32.3 

(a)  'bg  Closed  Cup 

(b)  All  solutions  are  percent  by  volume 

(c)  Sets  to  glass  below  this  temperature 


Table  11.16:  Ethylene  Glycol  Monobutyl  Ether  (2) 


Butyl  CELLOSOLVE 
DOWANOL  EB 
EKTASOLVE  E 
ARCISIKV  EB 
Glycol  Ether  EB 


H0CH2CH20C^H^ 


Ethylene  glycol  monobutyl  ether  is  colorless  liquid,  miscible  in  all  proportions  with  many  ketones,  ethers,  alcohols,  aromatic 
paraffin  and  halogenated  hydrocarbons.  More  specifically,  it  mixes  in  all  proportions  with  acetone,  benzene,  carbon 
tetrachloride,  ethyl  ether,  n-heptane  ar^i  water.  Because  of  its  excellent  solvency,  low  evaporation  rate  and  high  dilu- 
tion ratios,  it  is  used  as  a solvent  in  the  manufacture  and  formulation  of  lacquers,  enamels,  inks  and  varnishes,  employing 
such  resins  as  alkyd,  phenolic,  nitrocellulose,  maleic  modified,  sfyrene  and  epoxy.  In  lacquers  butyl  "Cellosolve”  im- 
parts a slow  evaporation  rate,  strengthens  blush  resistance,  heightens  gloss,  improves  flow-out  and  helps  prevent  orange 
peel.  Hot  spray  lacquers  usually  contain  about  10%  of  "Dowanol”  EB  based  on  the  solvent-diluent  weight. 


Acidity  (as  acetic  acid),  % by  wt . (max.)  0.01  Molecular  weight  118.2 

Appearance  water-white  Specific  grovity,  25/25®C.  0.899 

Boiling  point  at  760  mm.  Hg,  ®C.  170.6  Specific  heat  (average),  cal./‘^C.  0.54 

Fire  point  (open  cup),  ®F  . 165  Surface  tension  at  25 ®C.,  dynes/cm.  27.4 

Flash  point  (Cleveland  open  cup),  ®F.  165  Vapor  pressure  at  75 ®C.,  mm.  Hg  0.88 

Freezing  range,  °C . -40  Viscosity  at  25 ®C .,  centlstokes  2.83 

Heat  of  vaporization,  Btu/lb.  88.4  Weight  per  gal . at  20®C.,  lb.  7.48 

Refractive  index  (nQ  at  25®C.)  1.417 
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Table  11.17:  Water  Solubility  of  Ethylene  Glycol  n-Butyl  Ether  (23) 


Table  11.18:  Ethylene  Glycol  Monoisobutyl  Ether  (41) 


CH3-CH-CH2-O-CH2-CH2OH 

CH3 

Ethylene  glycol  nr»onoisobutyl  ether  is  a high  boiling  ether  solvent  for  alkyd  phenolic,  malic,  epoxy, 
alcohol-soluble  butyrate,  and  ethyl  cellulose  nitrate  resins. 

Specifications 


Color  (Pt-Co  Scale),  ppm,  max 

10 

Water,  wt  %,  max 

0.20 

Specific  Gravity,  20°/20°C 

0.891-0.894 

Appearance 

Free  from  insoluble 

Boiling  Range,  760  mm, 

matter  or  haze 

Initial  boiling  point,  min 

158.0 

Odor 

Mild,  characteristic, 

Dry  point,  max 

162.0 

nonresidual 

Acidity,  as  acetic  acid,  wt  %,  max 

0.01 

(continued) 
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Table  11.18:  (continued) 


Typical  Properties 


Molecular  Weight  (C6H,402)  1 18. 17 

Evaporation  Rate  (n-butyl  acetate  =1)  0.1 

Weight/Vol,  20'^C, 

Ib/gal.  (U.S.)  7.40 

kg/liter  0.89 

Ib/gal.  (Imperial)  8.88 

Solubility,  20°C,wt% 

In  water  Complete 

Water  in  Complete 

Dilution  Ratio,  toluene  3.1 

VM&P  naphtha  1.6 

Refractive  Index,  20'^C  1.4168 

Vapor  Pressure,  1 63° C,  mm  Hg  752 

Flash  Point,  Tag  Closed  Cup,  °F  (°C)  136  (58) 

Tag  Open  Cup,  °F(°C)  145  (63) 

Fire  Point,  °F(°C)  146  (63) 

Flammable  Limits  in  Air,  % by  volume 

Lower  1.21 

Upper  9.4 

Autoignition  Temperature  (ASTM  D-2155), 

°fCC)  540  (282) 


NFPA  Classification  30: 


Flammable  Liquid.  Class  11 


ICC'  Labels  Required  None 

Jhireau  of  Explosives  Classification  Nonhaxardous  Liquid 


Table  11.19:  Ethylene  Glycol  Dibutyl  Ether  (2) 

C^H^OCHjCHjOC^H^ 

This  glycol  diether  is  a colorless  liquid.  It  is  completely  miscible  with  acetone,  ethyl  alcohol,  ethyl  acetate,  isopropyl 
ether,  heptane,  ethylene  dichloride  and  costor  oil.  Becouse  of  Its  being  a good  solvent  for  metallic  reagents,  ft  is  por- 
ticularly  suitable  for  the  Grignard  type  of  reaction.  It  is  also  a solvent  for  inorganic  halides  and  chlorosilanes,  and  is 
therefore  used  in  silicone  rubber  formulations  and  in  the  extraction  of  aliphatic  acids  from  dilute  aqueous  solutions. 


Acidity  (as  acetic  acid),  % by  wt. 

0.01 

Boiling  point,  ®C . 

760  mm. 

203.6 

50  mm , 

117 

10  mm . 

83 

ABP/aP,  °C./mm.  Hg 

0.056 

Coefficient  of  expansion  at55°C. 

0.00105 

Distillation  at  760  mm.,  °C. 

Initial  BP,  min. 

195 

DP,  max. 

208 

Flash  point  (open  cut),  ®F  . 

185 

Freezing  point,  °C . 

-69,1 
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Table  11.19:  (continued) 


Heat  of  vaporization  (Btu/lb,  at  1 atm.) 

118 

Molecular  weight 

174.28 

Refractive  index  (np  at  20®C.) 
Solubility,  % by  wt . at  20°C. 

1 .4131 

in  water 

0.2 

water  In 

0.6 

Specific  gravity,  20/20°C. 

0.8374 

A SC/AT. 

0.00085 

Specific  heat  at  20°C. 

0.480 

lb ./ga! . at  60®F. 

7.0 

Vapor  pressure,  mm.  Hg  at  20°C. 

0.09 

Table  11.20:  Ethylene  Glycol  Monophenyl  Ether  (23) 


DOWANOL  EPh  HO-CHjCHj-O- 

Ethylene  glycol  monophenyl  ether  is  a colorless,  high-boiling,  nonhygroscopic,  water-immiscible  liquid  with  a faint  rose- 
like  odor. 


Molecular  Weight  138.2 

Freezing  Point.  ®F  51 

Boiling  Point,  760  mm  Hg,  ®C  245 

lOmmHg.  131.3 

Vapor  Pressure  @ 2CTC,  mm  Hg  0.03 

Specific  Gravity  @ 25/25X  1.104 

Viscosity,  centistokes,  25®C  20.5 

60"C  4.3 

Flash  Point,  "F  (TCC)  260 

Specific  Heat,  (cal/g/®C)  @ 25®C  0.52 

Surlace  Tension,  (dynes/cm) 

25X  42 

75“C  38 

Heat  of  Vaporization,  (cal/g)  @ 760  mm  Hg  00.2 

Thermal  Conductivity,  K x 10^  (cal/cm^  sec  ®C/cm)  @ 60*C  . 3.86 

Pounds/  Gallon  @ 25"C  9.20 

Phenol  content,  max.  % 0.5 
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Table  11.21:  Ethylene  Glycol  Monobenzyl  Ether  (2) 


H0CH2CH20CH2C^H^ 


Ethylene  glycol  monobenzyl  ether  is  a water-white  liquid  which  will  dissolve  a large  number  of  organic  substances 
among  which  are  oils,  fats,  greases,  some  vinyl  resins,  dewaxed  damar,  rosin,  ester  gum,  etc.  It  is  used  principally 
as  a high  boiling  solvent  in  lacquers,  inks,  and  textile  dyeing. 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 

0.010 

Boiling  point  at  760  mm.  Hg,  °C. 

255.9 

Distillation  range  at  760  mm.  Hg,  °C . 

248  to  260 

Flash  point,  ®F. 

265 

Specific  gravity  at  20/20°C, 

1 .0670  to 

Solubility  in  water  at  20°C,,  % by  wt. 
Solubility  of  water  in  benzyl  ’’Cellosolve" 

0.4 

20°C  .,  % by  wt. 

18 

Vapor  pressure  at  20°C,,  mm,  Hg 

0.02 

Weight  per  gal.  at  20®C.,  lb. 

8.90 

Table  11.22:  Terpinyl  Ethylene  Glycol  Ether  (2) 


Terpinyl  ethylene  glycol  ether  is  a light-colored  liquid  used  in  enamels,  inks,  paints,  and  varnish. 


Aniline  point 

Below  -20’*C 

Color  (Lovibond  500  Amber  Series  Glasses) 

3.0 

Distillation  range  (ASTM)  5% 

248.0'^C 

10% 

252,0°C 

30% 

295.0°C 

50% 

263.5'C 

70% 

268.0°C 

90% 

278.0°C 

95% 

284.0°C 

Flash  point  (Cleveland  open  cup) 

284°F 

Freezing  point 

Below -10°C 

Kauri  butane  solvency  value 

Infinite 

Moisture 

0.05% 

Refractive  index  at  20°C 

1.4786 

Specific  gravity  at  15.5/1 5. 5°C 

0.9813 

Viscosity  at  25°C  (Ubbelohde) 

44.6  cp 
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Table  11.23:  Ethylene  Glycol  Butylphenyl  Ethers  (2) 


I.  - Ethylene  Glycol  p-sec-Butylphenyl  Ether  S2»18°2 

II.  “ Ethylene  Glycol  p-tert-Butylphenyl  Ether  ^12*^18^2 


Boiling  point,  ®F. 

Flash  point  (Cleveland  open  cup),  ®F, 
Freezing  range,  °F. 

Fire  point,  ®F. 

Molecular  weight 
Specific  gravity,  77/77®F. 

Solubility  (g,/100  grams  water) 
Viscosity  ot  77®F .,  centistokes 
140 ‘^F. 


313  to  322/10 
300 

below  -4 
320 
194.3 
1.008 
0.1 
64.6 
8.8 


311  to  350/10 
315 
54 
325 
194.3 
1 .016 
0.1 
120.7 
11.6 


Table  11.24:  Ethylene  Glycol  Monohexyl  Ether  (19) 


Hexyl  CELLOSOLVE  Solvent 
ARCOSOLV  EH 


Sofwnt 

Formula 

Moleculai 

MtolgM 

r 

Boiling 

Point. 

Freezing 
Point,  «C 

Ftah 

Peirt,oF« 

Vbper 

Presuire, 

mmHg 

Hexyl  CELLOSOLVE  Solvent 

146.23 

208.1 

-50 

179 

0.051 

Specific  Pounils 

Gravity;  Per 

20/20®C  Gallon 

Coefficient 

of 

Expansion 

al2(rc 

Solubility  at 
2trC,%bywt 

Relative 

Evaporation 

Rate 

(nBuAc  = 100) 

Surface  linsion 
at  25^,  dynes/cm 

In 

Water 

Water 

in 

Neat  25AbAq. 

Product  Solutionei 

0.889  7.40 

0.00086 

0.99 

18.8 

0.82 

30.3  28.510 

(a)  Tag  Closed  Cup 

(b)  AH  solutions  are  percent  by  volume 

(c)  1%  solution 


Table  11.25:  Ethylene  Glycol  Ethyl  Hexyl  Ether  (13) 

SOLV  EEH 
ARCOSOLV  EEH 
EKTASOLVE  EEH 


1 

! 

Dilution  Ratio 

Product  Name 

Chemical 
Abstract 
Servloe  Numbar 

Evapontkm  Rata 
n-BuAea1 

Spacific  Gravity. 
@21120°  C 

Ib/gat 

@20°C 

DittHl^iOfl  Range, 

»c 

Viscosity 
cP  a%  RS  1/2  sac 
N.C.@2S°C 

Toluane  Spacial  NaphttieUta 

(VMOP) 

FlaatiPoint, 

TCC,°P 

Solv  EEH 

Mixture 

0.003 

0.892 

7.42 

224-275 

Ins. 

— — 

208* 

'Seta  Closed-Cup 


Solvent  Constants 

Solubility  @20  °C  | 

Sotubiiity 

Hydroow 

Dipote 

ieaight% 

Waight%  1 Bhish  Resistance 

Electrical 

Vapor  Pressure 

Coefficient 

DOT 

NFPA 

HMIS 

RQ 

Parametor 

Bonding 

Homant 

tnWatar 

In  Water  %RK@S0'F 

Resistance 

mmHg@20°C 

of  Eipsnslon 

Hazard 

Ratings 

Rstings 

(tbs.) 

! 

Megohms 

(Par°C) 

Claaa 

H-F-fi 

H-F-R 

9.2 

16.3 

1.2 

0.2 

6.2  — 

<0.3 

0.08 

0.0009 

N-HL 

0-1-0 

l*-l-0 

— 

'may  be  chronic  health  efiects 
(see  MSDS) 
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Table  11.26:  Diethylene  Glycol  (2) 

Diglycol  HOCH2CH2OCH2CH2OH 

This  hygroscopic  glycol  is  a clear  colorless,  odorless  and  stable  liquid.  It  is  also  slightly  viscous,  noncorrosive  and  non- 
volatile. Because  of  its  ether  and  alcohol  group,  diethylene  glycol  exhibits  chemical  properties  characteristic  of  both 
primary  alcohols  and  ethers.  Its  boiling  point  is  considerably  higher  than  that  of  ethylene  glycol,  and  its  solvent  is 
greater.  Diethylene  glycol  is  miscible  with  water,  ethers,  lower  aliphatic  alcohols,  aldehydes  and  ketones  and  is  par- 
tially soluble  in  benzene,  carbon  tetrachloride,  monobenzene,  orthodichlorobenzene  and  toluene.  It  dissolves  many  dyes, 
resins,  oils,  nitrocellulose  and  many  organic  substances.  Because  of  its  solvent  power,  low  volatility  and  hygroscopicity, 
it  is  used  in  textile  lubricants,  cutting  oils,  dry  cleaning  soap,  printing  inks,  steam-set  inks,  and  nongrain  wood  stains. 

In  the  textile  industry  diethylene  glycol  is  used  as  a conditioning  agent  for  wool,  rayon,  and  cotton.  As  a solvent  for 
dyes  it  makes  a valuable  assistant  in  dyeing  and  printing.  The  high  hygroscopicity  of  diethylene  glycol  makes  it  an  effi- 
cient softening  agent  for  tobacco,  paper,  synthetic  sponges,  glues  and  casein.  Diethylene  glycol  is  especially  useful  in 
the  dehydration  of  natural  gas,  A mixture  of  diethylene  glycol  and  monoethanolamine  will  remove  moisture,  hydrogen 
sulfide  and  carbon  dioxide  from  natural  gas. 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 

0.02 

Boiling  point  at  760  mm . Hg,  ®C, 

244.5 

Coefficient  of  expansion  at  20®C. 

0.000635/®C. 

Density  (true)  at  20®C.,  g./®C. 
Distillation  range  at  760  mm.  Hg 

1.1161 

Below  320®C , 

none 

Below  240®C, 

not  over  20% 

Below  250®C. 

not  less  than  85% 

Below  270®C. 

rx>t  less  than  95% 

Electrical  conductivity  (reciprocal  ohms) 

0.586  X 10"^ 

Fire  point,  ®C. 

146  (approx.) 

Flash  point  (Cleveland  open  cup),  ®C. 

143.3  (approx.) 

Freezing  point,  ®C. 

Heat  of  combustion  (constant  pressure)  at  20®C., 

-8 

kcal/mol 

567 

Heat  of  formation  (constant  pressure),  kcal/mol 
Heat  of  vaporization  at  760  mm.  Hg  and 
244.5®C. 

148.42 

Btu/lb. 

270 

cal./g. 

150 

Ignition  temperature  in  air,  °C. 

351 

Spontaneous  ignition  temperature 

412.8 

Molecular  weight 

106.12 

Refractive  index  (np  at  20®C.) 

1 .4475 

Specific  gravity  at  20/20®C. 

1.1185 

Specific  heat  at  20®C.,  cal,/g./®C. 

0.5509 

Surface  tension  at  25 ®C.,  dynes/cm. 
Vapor  pressure,  mm.  Hg 

48.5 

20  ®C. 

0.015 

130OC. 

8.0 

180®C. 

Viscosity  (absolute),  in  centipoises 

96.0 

15  ®C. 

50.0 

20®C. 

38.0 

25  ®C. 

30.0 

Water,  % by  wt.  (max.) 

0.30 

Weight  per  gal.  at  20®C.,  lb. 

9.308 
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Table  11.27:  DIethylene  Glycol  Monomethyl  Ether  (2) 

DOWANOL  DM 
EKTASOLVE  DM 
Methyl  CARBITOL 

POLY-SOLV  DM  HOCH2CH2OCH2CH2OCH3 

SOLV  DM 
ARCOSOLV  DM 
Glycol  Ether  DM 

Diethylene  glycol  nx>nomethyl  ether  is  a colorless,  stable  hygroscopic  liquid  with  on  agreeable  odor.  It  is  completely 
miscible  with  water,  ketones,  alcohol,  ethers,  aromatic  hydrocarbons  and  halogenated  hydrocarbons.  More  specifically, 
it  is  miscible  with  acetone,  benzene,  carbon  tetrachloride,  ethyl  ether,  methanol  and  water.  It  is  a solvent  for  dyes, 
oils,  fats,  waxes,  many  natural  and  synthetic  resins,  nitrocellulose  and  cellulose  acetate.  It  is  used  as  a high-boiling 
solvent  in  such  formulations  as  printing  inks  and  pastes,  stamp  pad  inks,  textile  dye  pastes,  lacquers,  and  synthetic  resin 
coatings.  Its  presence  in  lacquers  eases  brushability  and  flow-out,  and  minimizes  lifting  of  undercoats. 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 

0.02 

Specific  gravity,  25/25 °C, 

1.018 

Appearance 

water-white 

Specific  heat  (average),  cal./®C. 

0.54 

Boiling  point  at  760  mm,  Hg,  °C . 

194.1 

Surface  tension  at  25 ®C.,  dynes/cm. 

34.8 

Fire  point  (open  cup),  ®F. 

200 

Vapor  pressure  at  75  ®C , , mm . Hg 

0.18 

Flash  point  (Cleveland  open  cup),  ®F. 

200 

Viscosity  at  20®C,,  centistokes 

3.87 

Freezing  range,  ®C . 

-50 

25  ®C. 

3.47 

Heat  of  vaporization,  Btu/lb. 

163 

60®C. 

1.64 

Refractive  index  (nQ  at  20®C.) 

1 .424 

Weight  per  gal . at  20®C . , lb. 

8.47 

Molecular  weight 

120.2 

Table  11.28:  Diethylene  Glycol  Monoethyl  Ether  (2) 

CARBITOL  Solvent 

EKTASOLVE  DE  HOCH2CH2OCH2CH2OC2H5 

POLY-SOLV  DE  Low  Gravity 
SOLV  DE 

Diethylene  glycol  monoethyl  ether  Is  a colorless,  stable,  hygroscopic  liquid  of  a mild,  pleasant  odor.  It  is  completely 
miscible  with  water,  alcohols,  ethers,  ketones,  aromatic  and  aliphatic  hydrocarbons,  and  halogenated  hydrocarbons. 
Owing  to  the  fact  that  it  contains  an  e the  r-a  I coho  I -hydrocarbon  group  in  the  molecule,  it  has  the  power  to  dissolve  a 
wide  variety  of  substances  such  as  oils,  fats,  waxes,  dyes,  camphor  and  natural  resins  like  copal,  kauri,  mastic,  rosin, 
sandarac,  shellac,  as  well  as  several  types  of  synthetic  resins.  It  is  used  as  a solvent  in  synthetic  resin  coating 
compositions,  and  in  lacquers,  where  high-boiling  solvents  are  desired. 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 

0.02 

Molecular  weight 

134.2 

Boiling  point  at  760  mm.  Hg,  ®C. 

202.0 

Specific  grovity,  25/25 ®C. 

0.986 

Fire  point  (open  cup),  ®F . 

210 

Specific  heat  (average),  ca!./®C. 

0.54 

Flash  point  (Cleveland  open  cup),  ®F. 

205 

Surface  tension  at  25 ®C.,  dynes/cm. 

31.8 

Freezing  ronge,  ®C, 

-55 

Vapor  pressure  at  75 ®C.,  mm.  Hg 

0.13 

Heat  of  vaporization,  Btu/Ib. 

84.5 

Viscosity  at  20®C.,  centistokes 

3.78 

Refractive  index  (no  at  25 ®C.) 

1.425 

Weight  per  gal . at  20®C  .,  lb. 

8.20 

Table  11.29:  Diethylene  Glycol  Monoethyl  Ether/Ethylene  Glycol  (41) 


EKTASOLVE  DE-HG 


Evaporation 

Lb/ 

Color 

Specific 

Acidity,  as 

Bolling 

Freezing 

Flash  Point 

Assay 

Rata 

Gal  (Q 

Pt-Co 

Gravity  @ 

Acetic  Acid 

Range 

Point 

TCC 

Min  Wt 

n-BuOAc  s 1 

20  *C 

Max 

20®/20®C 

Max  Wt% 

•C 

•C 

•C  CF) 

% 

EKTASOLVE  OE-HG  Solvent  * <0.01 

8.56 

10 

1.027 

0.01 

190-205 

-70 

96(205) 

(Diethylene  Glycol  Monoethyl  Ether/Ethylene  Glycol) 
(C2Hs(CX2H4)20H]IHCXH2CH20H1 


* gravity  so/venr 
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Table  11.30:  DIethylene  Glycol  Monobutyl  Ether  (2) 

ARCOSOLV  DB  HOCHXH  OCH^CH^OC 

Glycol  Ether  DB 


Diethylene  glycol  monobuty!  ether  is  a colorless,  high-boMing  liquid.  It  is  miscible  in  proportions  with  water,  alcohol 
(methanol),  ketones  (acetone),  ethers  (ethyl  ether),  aromatic  hydrocarbons  (benzene),  paraffinic  hydrocarbons  (n-heptane), 
and  halogenated  hydrocarbons  (carbon  tetrachloride).  As  it  is  an  ether-alcohol  type  compound  it  possesses  solvent  action 
for  many  substances  such  as  oils,  dyes,  gums,  and  natural  and  synthetic  resins.  It  is  used  as  a high-boiling  solvent  in 
nitrocellulose  lacquers  and  other  synthetic  coatings,  baking  lacquers,  flash-dry  printing  inks,  ond  dye  baths. 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 
Appearance 

Boiling  point  at  760  mm,  Hg,  ®C . 

Fire  point  (open  cup),  . 

Flash  point  (Cleveland  open  cup),  ®F . 
Freezing  range,  ®C. 

Heat  of  vaporization,  Btu/lb. 

Refractive  index  (n^  at  25 ®C.) 


0.01 

Molecular  weight 

162.2 

wa  ter-white 

Specific  gravity,  25/25®C. 

0.952 

230 

Specific  heat  (average),  cal,/°C. 

0.54 

240 

Surface  tension  at  25 ®C.,  dynes/cm. 

30.0 

230 

Vopor  pressure  at  25®C.,  mm.  Hg 

0.023 

-40 

Viscosity  at  25®C.,  centistokes 

4.92 

74.3 

Weight  per  gal.  at  20®C .,  lb. 

7.92 

1.430 

Table  11.31:  DIethylene  Glycol  Monopropyl  Ether  (19) 


EKTASOLV  DP 
SOLV  DP 
ARCOSOLV  DP 
Glycol  Ether  DP 


Sotvent 

Formula 

Molecular 

VWiIgM 

Bolling 
Point,  ®C 

Freezing 
Point,  ®C 

Flash 

Point,  •F« 

Vapor 

Pretsuro, 

mmHg 

Propyl  CARBITOL  Solvent 

148.20 

216.0 

-53 

210 

0.02 

ill 

Pountfs 

Par 

Qallan 

CoafRclaiit 

Solubility  at 

2trc,¥ibywt 

Relative 

Evaporation 

Rate 

(nBuAc  = 100) 

Surface  Ibnslon 
al26®C,  dynes/cffl 

m 

Eipanslon 

at20«C 

In 

Water 

WMar 

In 

Neal 

Preditcf 

SoluHenfb) 

0.969 

8.06 

0.00089 

Complete 

Complete 

0.49 

29.6 

37.8 

(a)  Tag  Closed  Cup 

(b)  All  solutions  are  percent  by  volume 


Table  11.32:  DIethylene  Glycol  Dimethyl  Ether  (2) 

DIGLYME  CH3OCH2CH2OCH2CH2OCH3 

Diethylene  glycol  dimethyl  ether  is  a clear,  water-white  neutral  liquid  of  faint,  pleasant  odor.  This  ether  may  be  used 
as  a solvent  for  alkali  metal  hydrides  for  use  in  such  reactions  as  reduction,  alkylation  and  condensation . It  may  also  be 
used  as  a lacquer  solvent. 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 

0.015 

Specific  gravity,  20/20®C. 

0.9451 

Appearance 

water-white 

Surface  tension  at  25 ®C,,  dynes/cm. 

27.0 

Flash  point  (Cleveland  open  cup),  ®F. 

168 

Vapor  pressure  at  100®C.,  mm.  Hg 

3.0 

Freezing  range,  ®C. 

-68 

Viscosity  at  20®C.,  centistokes 

2.0 

Refroctive  index  (np  at  20®C.) 

1.40778 

Weight  per  gal.  at  20®C.,  lb. 

7.87 

Molecular  weight 

134.2 
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Table  11.33:  Diethylene  Glycol  Monoethyl  Ether  (Special  Grade)  (23) 

CARBITOL  Solvent 
POLY-SOLV  DE 
Glycol  Ether  DE 


Boiling  point,  ®C 

190-205 

Flash  point  (TCC),°F 

198 

Evaporation  rate  Bu  Ac  - 1 .0 

0.01 

Specific  gravity  25725®C 

1,025 

Pounds  per  gallon  25®C 

8.52 

Viscosity,  cs  25®C 

6.9 

Surface  tension  (dynes/cm) 
Solvent  constants 

33.5 

Solubility  parameter 

11.4 

Hydrogen  bonding 

16.6 

Dipole  moment  (Debye) 

2.05 

Solubility  in  water  ml/100  ml 

00 

Table  11.34:  Diethylene  Glycol  Monohexyl  Ether  (19) 
Hexyl  CARBITOL  Solvent 


Solvent 

Formula 

Molecular 

Weight 

Bolling 

Point, 

Fnnliig 

PoM.*C 

Flash 

Point,  ®FW 

vapor 
Pressure, 
mm  Hg 

Hexyl  CARBITOL  Solvent 

i 

190.28 

259.1 

-40 

271 

<0.01 

Spoclllc 

Qrwttti, 

20/20*C 

Poundt 

Par 

Gallon 

Coefficient 

of 

Expansion 

at20*C 

Solubility  at 
2trC.Hbywt 

Relative 

Evaporatien 

Rata 

(nBuAc  a 100) 

Surface  Wnslon 
at25*C,  dynes/cm 

In 

water 

Water 

In 

Nest 

Product 

2SAhAq. 

SolutlooW 

0.935 

7.78 

0.00084 

1.7 

56.3 

0.03 

29.6IC) 

__ 

(a)  Tag  Closed  Cup 

(b)  All  solutions  are  percent  by  volume 

(c)  al20®C 


Table  11.35:  Diethylene  Glycol  Divinyl  Ether  (19) 


1 ,5-Bis(Vinyloxy)-3-Oxapentane  CH2 — CHOC  H2CH2OCH2CH2OCH — CH^ 

This  vinyl  ether  Is  monomeric  in  character  and  is  used  as  a chemical  intermediate  or  as  a crosslinking  agent.  Addition  of 
Isocyanic  acid  produces  secondary  d I isocyanates . Divinyl  ethers  hydrolyze  to  the  glycol  and  acetaldehyde.  Chlorine  or 
bromine  add  to  the  double  bonds.  Reaction  with  an  alcohol  in  the  presence  of  water  produces  a diacetal . Polymerization 
of  divinyl  ether  of  diethylene  glycol  with  acidic  catalysts  produce  crosslinked  gels.  Linsaturated  polyesters,  crossi inked 
with  styrene,  have  been  made  noncorrosive  to  metals  through  use  of  divinyl  ethers  to  reduce  hydroxyl  and  acid  numbeis. 


Boiling  point,  °C 
] 0 mm . Hg 
1 2 mm . Hg 
50  mm . Hg 
Density,  29°C . 


81-82 

85 

115-116 

0.975 


Physical  form 
Purity 

Refractive  index 
Stabilizer 


colorless  liquid 
95% 

1 .4441-1 .4452 

0.01% 
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Table  11.36:  Diethylene  Glycol  Monolsobutyl  Ether  (41) 


(CH3)2CHCH20CH2CH20CH2CH20H 


Specifications 

Color  (Pt-Co  Scale),  ppm,  maximum 

10 

Specific  gravity,  20V20  C 

0.945-0.949 

Acidity,  as  acetic  acid,  weight  percent,  maximum 

0.01 

Water,  weight  percent,  maximum 

0.10 

Boiling  Range,  760  millimeters,  ‘'C 

Appearance 

Free  from 

Initial  boiling  point,  minimum 

217.0 

insoluble 

Dry  point,  maximum 

225.0 

matter  or  haze 

Table  11.37:  Triethylene  Glycol  (2) 

CH20CH2-CH20H 

Triglycol 

1 

CH20CH2-CH20H 

Triethylene  glycol  is  a clear,  colorless,  viscous,  stable  liquid  with  a slightly  sweetish  odor.  Because  it  has  two  ether 
and  two  hydroxyl  groups  its  chemical  properties  are  closely  related  to  ethers  and  primary  alcohols.  It  is  a good  solvent 
for  gums,  resins,  nitrocellulose,  steam-set  printing  inks  and  wood  stains.  With  a low  vapor  pressure  and  a high  boiling 
point,  its  uses  and  properties  are  similar  to  those  of  ethylene  glycol  and  diethylene  glycol.  Because  it  is  an  efficient 
hygroscopic  agent  it  serves  as  a liquid  desiccant  for  removing  water  from  natural  gas.  It  is  also  used  in  air  conditioning 
systems  designed  to  dehumidify  air. 


Acidity  (as  acetic  acid),  % by  wt.  0.01 

Boiling  point  at  760  mm.  Hg,  °C.  287.4 

Coefficient  of  expansion  at  20°C.  0.00069 

Density  (true)  at  20°C.,  g ./°C  . 1.1242 

Fire  point,  °C  . (approx.)  173.9 

Flash  point  (Cleveland  open  cup),  °C . (approx.)  330.0 
Freezing  point,  °C  . -72 

Heat  of  combustion  (constant  pressure)  at  20°C., 

kcal/mol  850 

Heat  for  formation  (constant  pressure),  kcal/mol  192.9 
Heat  of  vaporization  at  760  mm.  Hg  and 

244. 5°C.,  cal./g.  179 

Spontaneous  ignition  temperature,  °F.  206 

Surface  tension  at  25 °C.,  dynes/cm.  45.2 

Vapor  pressure,  mm.  Hq: 

20°C.  0.01 

101°C.  0.4 

159°C.  10 

202  °C.  60 

Water  miscible  in 

al  I propor- 
tions 
7.37 


Weight  per  gal . at  20°C  .,  lb. 
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Table  11.38:  Triethylene  Glycol  Monomethyl  Ether  (66) 


POLY-SOLV  TM 

Physical  Properties 

CHjOCHjCHjJjOH 

Specifications 

Boiling  Point  (°C) 
@ 760  mm  Hg 

249 

Water,  max 
(%  by  weight) 

0.1 

@ 50  mm  Hg 

152 

Acidity,  as  acetic  acid 

@ 10  mm  Hg 

126 

(%  by  weight) 

0.01 

Coefficient  of  Expansion 

Specific  Gravity  @ 20/20®C 

1.037- 

@20®C 

— 

1.055 

@55®C 

— 

Color,  max  (APHA) 

50 

Density  @ 25®C  (Ib/gal) 

8.71 

Odor 

C 

Flash  Point,  TCC  (®C) 

— 

Suspended  Matter 

F 

(‘^F) 

— 

Boiling  Range  (®C) 

Flash  Point,  COC  (°C) 

118 

Initial  boiling  point,  min 

220 

("F) 

245 

5%,  min 

230 

Freezing  Point  (°C) 

-55 

95%,  max 

— 

(°F) 

-67 

Dry  point,  max 

— 

Heat  of  Vaporization  @760  mm  Hg  C = Charactenstic  F * Substantially  Frw 

(joules/g)  327.6 

Molecular  Weight  164.20 

Refractive  Index  @ 20®C  1.438 1 

Solubility  @ 20°C 

PolyhSolv  in  water  Complete 

water  in  Poly-Solv  Complete 

Specific  Gravity,  apparent  @ 20/20°C  1.048 

Specific  Heat  @ 20®C  (joules/g-°C)  — 

Vapor  Pressure  @ 20°C  (mm  Hg)  <0.01 

Viscosity,  absolute  @ 20°C  (cp)  7.5 

Table  11.39:  Triethylene  Glycol  Monoethyl  Ether  (66) 

POLY-SOLV  TE  CH,CHj(OCHjCHj)jOH 

Physical  Properties 

Boiling  Point  (°C) 

@ 760  mm  Hg 

256 

Specificaltons 

Water,  max 
(%  by  weight) 

0.1 

@ 50  mm  Hg 

158 

Acidity,  as  acetic  acid 

@ 10  mm  Hg 

130 

(%  by  weight) 

0.01 

Coefficient  of  Expansion 

Specific  Gravity  @ 20/20®C 

1.020 

@20®C 

— 

1.035 

@55®C 

— 

Color,  max  (APHA) 

50 

Density  @ 25°C  (Ib/gal) 

8.50 

Odor 

C 

Flash  Point,  TCC  (°C) 

— 

Suspended  Matter 

F 

(°F) 

— 

Boiling  Range  (°C) 

Flash  Point,  COC  (°C) 

124 

Initial  boiling  point,  min 

225 

(°F) 

255 

5%,  min 

235 

Freezing  Point  (®C) 

-21 

95%,  max 

— 

("F) 

-5.8 

Dry  point,  max 

— 

Heat  of  Vaporization  @ 760  mm  Hg 
(joules/g) 

Molamlar  Weight 
Refractive  Index  @ 20°C 
Solubility  @ 20°C 
PolySoIv  in  water 
water  in  Poiy-Soiv 

Specific  Gravity,  apparent  @ 20/20°C 
Specific  H^t  @ 20®C  (joules/g-®C) 
Vapor  Pressure  @ 20®C  (mm  Hg) 
Viscosity,  absolute  @ 20°C  (cp) 

299.8 

178.23 

1.4376 

Complete 

Complete 

1.022 

<0.01 

7.8 

C * Charactenstic  F = Substantially  Free 
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Table  11.40:  Triethyiene  Glycol  Dimethyl  Ether  (21) 

TRIGLYME  CgHigO., 


Molecular  Weight 

178.22 

Boiling  Point,  ®C  760  mm  Hg 

216 

Freezing  Point,  ”C 

-45.0 

Specific  Gravity,  20720X 

0.9862 

Weight  per  Gallon,  lb  20’C 

8.23 

Vapor  Pressure,  mm  Hg/20"C 

0.02 

Volatility,  n-butylacetate  = 100 

(0.1 

Viscosity,  cp  20'*C 

3.8 

Surface  Tension,  dynes/erri  20‘’C 

29.4 

Specific  Heat,  cal/g/®C 

0.424 

Auto  Ignition,  ®C 

195 

Heat  of  Vaporization,  K cal/mol 

14.3 

Heat  of  Combustion,  K cal/mol 

1191 

Heat  of  Formation,  K cal/mol 

179 

Flash  Point,  ”C  closed  cup 

111 

Refractive  Index  n^  at  20"C 

1.4224 

Appearance 

Clear,  colorless 

Odor 

Mild,  non-residual 

Solubility  at  25°C 

fn  water 

Complete 

Water  in 

Complete 

Organics* 

*AII  glymes  are  miscible  in  all  proportions  in  ethanol,  acetone, 
benzene,  diethyl  ether  and  octane. 

Table  11.41:  Triethylene  Glycol  Monomethyl  Ether/Highers  (23) 


DOWANOL  TMH 


DOWANOL 

CHEMICAL 

NAME 

STRUCTURAL 

FORMULA 

li 

Boilifil 

n.*c 

760 

fnmHi 

Ffta 

Point 

•F 

Evap. 

Rata 

BaAc 

*=  1.00 

Specific 

Qfivtty 

2S/251: 

TMH 

Tfiettiylene  Glycol 
Mettiyl  Ether/HIgtiers 

CHj,0(C2H40)„H 

(n-3.4.5) 

173.0 

(aver.) 

242.0 

25&*  1 

«0.01  1 

1.054 

Lh/Qil 

2S*G| 

VlacDilty 

Conti- 

statot 

ZSX 

Vapor 
Pnaaiirt 
M2SX 
(mm  Hg) 

Surtaco 

Tension 

(dynns/ 

cm) 

I OILUnONRATH)  I 

[ SOLVENT  CONSTANTS 

Tolooffo 

Napfttiia 

Sotnbltlty 

Partmtltri^ 

Hydropon  j 
Sendi^ 

Dipalo 

Momonl 
(DWy«)  1 

lit 

0.80 

D 

<0.01 

39.1 

3.9 

0.1 

i 

10.5 

11.0 

B 

00 

’ Soiubiirty  Parimetare  ai»  uiHul  as  a gutda  in  detertnintng  the  ability  of  a solvant  or  sotwrt  mixture  to  dissolve  rasifls.  A discussion  of  soltdMitty 
parameters  and  the  basis  lor  these  vahm  are  contained  in  an  article  by  H.  S,  Burrell  in  the  Spring  1955  issue  ol  lntenAemk*l  Rmriew. 

^ A discussion  of  the  hydrogen  bonding  parameter  Is  contained  In  an  article  by  Allen  A.  On  in  the  August  1975  issue  of  Joarmi  ol  Paint  Technology,  Vol. 

47,  No.  607.  pages  45-49.  This  particular  article  was  the  basis  of  the  listed  values  of  the  hydrogen  bonding  parameter 
^ ^Pansfty-Manens  Closed  Cup  (PMCC) 

Table  11.42:  Triethylene  Glycol  Monobutyl  Ether/Highers  (23) 

DOWANOL  TBH 


DOWANOL 

CHEMICAL 

NAME 

STRUCTURAL 

FORMULA 

Molecular 

Welglit 

Boiiioo 

n.x 

760 
mm  H6 

Flash 

Point 

•F 

Evap. 

Rato 

BuAc 

= 1.00 

Spocifle 

Gravtty 

25/25-C 

Lb/Gal 

2S*C 

TBH 

Triethylene  Glycol 
Butyl  Ether /Highers 

C4Hg0(C2H40)„H 
(n =3,4.5) 

^ — — ' 

231.2 

(aver.) 

283.0 

2053 

«0.01 

0.996 

8.30 

Viscosity 

Centi- 

StOkBS 

2SX 

Vapor 
Piatsara 
at  25^ 
(mm  Hp) 

Surfaca 

1 OILUnON  RATH)  | 

1 SOLVENT  CONSTANTS 

IhoshNi 

(Oynat/ 

cm) 

1 

Toluene  | 

Naphtha 

SoloMlIty 

Paranwlafs' 

Nydragea 

poMPngi 

Oipale  j 
Moiiieat  , 
(Oehye) 

Solubility 
la  Water 
nl/IOOnI 

9.2 

<0.01 
i 

31.4 

6.3 

i 

0.9 

9.6 

11,1 

— 

X 

' Solubility  Parameters  are  useful  as  a guide  in  determining  the  ability  of  a sotveni  or  solvent  mixture  to  dissolve  resins.  A discussion  o(  solubility 
parameters  and  the  basis  for  these  values  are  contained  in  an  article  by  H.S.  Burreii  in  the  Spring  1955  issue  of //i/erche/nica/Aeview. 

2 A discussion  of  the  hydrogen  bonding  parameter  is  contained  in  an  article  by  Allen  A.  Orrin  the  August  1975  issue  otJoumal  of  Paint  Technohoy.  Vol. 

47.  No.  607.  pages  45-49.  This  particular  article  was  the  basis  of  the  listed  values  of  the  hydrogen  bonding  parameter. 

’ Pensky-Martens  Closed  Cup  <PMCC) 
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Table  11.43:  Tetraethylene  Glycol  (2) 


Tefraethylene  glycol  is  a high-boiling,  clear  liquid  of  low  volatility.  It  is  rompletely  miscible  with  water  and  a wide 
variety  of  organic  solvents.  For  certain  aliphatic  hydrocarbons,  it  has  a very  slight  affinity.  Tetraethylene  glycol 
is  used  as  a coupling  agent  for  blending  water-soluble  and  water-insoluble  compounds  in  such  formulations  as  lubricants, 
glues,  cork  and  textile  products,  etc. 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 

0.01 

Ash,  % by  wt . (max.) 

0.01 

Bailing  point: 

760  mm.  Hg,  °F  . 

586.0 

760  mm . Hg,  °C . 

307.8 

Color,  Pt-Co  scale  (max.) 

200 

Fire  point,  (Cleveland  open  cup),  °F . 

375 

Flash  point  (Cleveland  open  cup),  °F . 

365 

Freezing  range,  °F . 

22 

Molecular  weight 

194,2 

Refractive  index  (np  at  25 °C.) 

1.457 

Specific  gravity,  20/20°C. 

1.125-7 

Specific  heat  at  77°F.  (25®C.) 

0.52 

Surface  tension  at  25®C.,  dynes/cm. 

45 

Vapor  pressure  at  25 °C.,  mm.  Hg 

0.01 

Viscosity  (absolute)  in  centistokes: 

25  °C. 

39.9 

60  ®C. 

10.2 

Water,  % by  wt. 

0.20 

Weight  per  gal . at  25®C  .,  lb. 

9.34 

Table  11.44:  Triethylene  Glycol  Dimethyl  Ether  (21) 


TRIGLYME 


Molecular  Weight 

Boiling  Point,  760  mm  Hg 

Freezing  Point,  °C 

Specific  Gravity,  20°/20°C 

Weight  per  Gallon,  (b  20°C 

Vapor  Pressure,  mm  Hg/20°C 

Volatility,  n-butylacetate  = 100 

Viscosity,  cp  20°C 

Surface  Tension,  dynes/cm  20°C 

Specific  Heat,  cal/g/°C 

Auto  Ignition,  “C 

Heat  of  Vaporization,  K cal/mol 

Heat  of  Combustion,  K cal/mol 

Heat  of  Formation,  K cal/mol 

Flash  Point,  °C  closed  cup 

Refractive  Index  n^  at  20'’C 

Appearance 

Odor 

Solubility  at  25°C 
In  water 
Water  in 
Organics* 


222.28 

275 

-29.7 

1.0132 

8.45 

0.01 

{0.1 

4.1 

33.8 

0.427 

215 

18.7 

1480 

217 

141 

1 .4330 

Clear,  colorless 
Very  mild,  non-residual 

Complete 

Complete 


*A1I  glymes  are  miscible  in  all  proportions  in  ethanol,  acetone, 
benzene,  diethyl  ether  and  octane. 
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PROPYLENE  GLYCOLS 

Table  11.45:  Propylene  Glycol  Monomethyl  Ether  (2) 


ARCOSOLV  PM 

DOWANOL  PM  CHaCHOCHjOCHa 

POLY-SOLV  MPM 
Glycol  Ether  PM 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 

0.02 

Appearance 

water-white 

Boiling  point,  760  mm.  Hg,  °C. 

120.1 

Fire  point  (open  cup),  °F. 

100 

Flash  point  (Cleveland  open  cup),  °F. 

100 

Freezing  range,  ®F . 

-142 

Refractive  index  (nQ  at  20®C.) 

1 .4021 

Molecular  weight 

90.1 

Specific  gravity,  20/20®C. 

0.919 

Specific  heat  (average),  cal./®C, 

0.58 

Surface  tension  at  25 ®C-,  dynes/cm. 

27.7 

Vapor  pressure  at  20®C.,  mm.  Hg 

10.9 

Viscosity  at  20®C.,  centistokes 

1.75 

75  ®C. 

0.70 

Weight  per  gal.  at  20®C.,  lb. 

7.65 

Table  11.46:  Propylene  Glycol  Monophenyl  Ether  (2) 
DOWANOL  PPh 


Typical  Physical  Properties 


Molecular  Weight  152.2 

Boilir^g  Point,  “C  760  mm  Hg  242.7 

Boiling  Point,  “C,  10  mm  Hg  115.9 

Freezing  Point,  “F  55 

Specific  Gravity,  25/  25°C  t -063 

Pounds/ Gallon  at  25“C  8.80 

Viscosity,  cs,  25°C  23.2 

Flash  Point,  “F  (TCC)  260 

SpecificHeat,  25X,  cal/gm/X  0.52 

Surface  Tension,  25“C,  dynes/ cm 38.1 

Refractive  Index,  25°C  1.522 

Solubility  in  Water,  25“C,  g/100g 1-1 

Vapor  Pressure,  25“C,  mm  Hg  <0.1 

Color,  APHA  <25 
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Table  11.47:  Propylene  Glycol  Monopropyl  Ether  (19) 


ARCOSOLV  PNP 


Formula 

Vbpor 

Molecular 

Bolling 

Freezing 

FIttll 

Pranura, 

Solvent 

Weight 

Point,  *C 

Point,  *C 

Point,  •FW 

mm  Ho 

Propyl  PRORASOL  Solvent 

118.18 

149.8 

-80(0 

119 

1.68 

Specific 

Gravity; 

2Q/20«C 

Pounds 

Par 

Gallon 

Coofnclenl 

of 

Expansion 

at20»C 

Solubility  at 

2(rc,^bywt 

Ralativa 

Evaporation 

Rate 

(nBuAc  = 100) 

Surface  Wnslon 
at25*C,  dynoe/cffl 

In  Water 

Watar  In 

Neet  25¥iAq. 

Product  Solutlontk) 

0.887 

7.36 

0.00104 

Complete  Complete 

22 

27.0  30,4 

(a)  Tag  Closed  Cup 

(b)  All  solutions  are  percent  by  volume 

(c)  Sets  to  glass  below  this  temperature 


Table  11.48:  Propylene  Glycol  Monobutyl  Ether  (19) 


ARCOSOLV  PNB 


Formula 

Vbpor 

Molecular 

Bolling 

Freezing 

Flasli 

Pramra. 

Solvent 

Weight 

Point,  •€ 

Point, 

Point,  *F« 

mmHg 

Butyl  PROPASOL  Solvent 

132.20 

170.1 

-80(cl 

138 

0.56 

Solubility  at 

Coofllciont  2trc.^bywt 

Spocific  Poundt  of  

Gravity;  Per  Expantion  In  Water 

2tV20«C  Gallon  al2tPC  Wttar  In 


Surface  Ibntlon 
Rolativo  at  26*G,  dynea/cm 

Evaporation  

Rata  Neat  2S%bAq. 

(nBuAc  B 100)  Product  SotutionW 


0.884  7.32  0.00100  5.6  14.9  8.8  27.4  32.3^.<n 


(a)  Tag  Closed  Cup 

(b)  AH  solutions  are  percent  by  volume 
,(c)  Sets  to  glass  below  this  temperature 

(d)  5%  solution 
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Table  11.49:  Propylene  Glycol  tert-Butyl  Ether  (13) 

SOLV  PTB 
ARCOSOLV  PTB 
Glyrol  Ether  PTB 


Dilution  Ratio 

Product  Hamo 

1 Chemkat 

Matroct 
SorvkoNumtMr 

Evaporation  Rato 
rvBuAcal 

Spaellic  Qravlty, 

Ib'gal 

920’C 

OittniaUon  Range, 
= C 

Viacoally 
cP  1%  RS 1/2  BSC 
N.C.92S'C 

Toluino 

special  Napnttioiita 
(VM4P) 

1 naati  Point, 
1 TCC.’F 

Solv  PTB 

57018-52-7 

0.25 

0.870 

7.27 

145-155 

3.8 

2.3 

1,2 

113 

Solvent  Conitanti 

Solubility  @20»C 

Solubility 

Paraniilar 

Hydrogen 

Bending 

DIpoit 

WcigM% 

hWatar 

Walgt)l% 
In  Water 

Bkiah  Realatance 

ElMtrlcai 

Rtsialanca 

Megohma 

Vapor  Preaaurt 
mmHg«)»^C 

Coetitetani 

otEBpanaion 

(Pwq 

DOT 

Hacard 

Clau 

NFPA 

Rattnga 

H-f-fl 

HMIS 

RsHnga 

RO 

(ftej 

9.0 

15.7 

2.1 

14.5 

20.1 

— 

— 

4.7 

— 

CL 

2-2-0 

2-2-0 

- 

Table  11.50:  Propylene  Glycol  Monobutoxyethyl  Ether  (19) 


Formula 

Molecular 

Weight 

Boiling  Freezing 

Point,  ®C  Point.  ®C 

Flash 

Point,  ®F« 

Vapor 
Pressure, 
mm  Hg 

176.26 

230.0  -90(c) 

197 

<0.01 

Specific 

Gravity, 

20/20®C 

Pounds 

Per 

Gallon 

Coefficient 

Solubility  at 
20°C.o/abywt 

Relative 

Evaporation 

Rate 

(nBuAc  = 100) 

Surface  Tension 
at  25^C.  dynes/cm 

of 

Expansion 

at20<’C 

In  Water 

Water  In 

Neat  25%bAq. 

Product  Solutionfo) 

0.938 

7.81 

0.00091 

'UW)  '\.20(d) 

0.13 

27.6 

(a)  Tag  Closed  Cup 

(b)  Ail  solutions  are  percent  by  volume 

(c)  Sets  to  glass  below  tNs  temperature 


(d)  An  accurate  determination  of  the  solubility  of  Butoxyethyl  PROPASOL 
Solvent  in  water  and  water  in  Butoxyethyl  PROPASOL  Solvent  is 
difficult  because  of  the  similarity  of  their  densities  and  the  sensitivity 
of  the  solubility  to  slight  changes  in  temperature.  Thus,  the  solubility 
data  reported  here  are  approximate. 


Table  11.51:  Propylene  Glycol  Isobutyl  Ether  and  Higher  Homologs  (23) 


Boiling  point,  °C 

172 

Flash  point  {TCC)°F 

138 

Evaporation  rate  BuAc  = 1.0 

0.09 

Specific  gravity  25°/25'’C 

0.883 

Pounds  per  gallon  25°C 

7.33 

Viscosity,  cs  25°C 

4.01 

Vapor  pressure  @ 25°C  (mm  Hg) 

1.3 

Surface  tension  (dynes/cm) 

25.1 

Dilution  ratio 

Toluene 

2.3 

Naphtha 

1.5 

Solvent  constants 

Solubility  parameter 

8.6 

Hydrogen  bonding 

14.8 

Dipole  moment  (Debye) 

1.97 

Solubility  in  water  ml/100  ml 

2.9 
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Table  11.52:  Propylene  Based  Glycol  Ether  Blends  (23) 

DOWANOL  BC-100 
DOWANOL  BC-200 


B 

CHEMICAL 

NAME 

STRUCTURAL 

FORMULA 

Molecular 

Weight 

Bolling 

Pt.*C 

760 

mmHg 

Evop. 
Rate 
Me 
= 1.B0 

Specific 

Brevity 

29/25-C 

Propylene-Based 
Glycol  Ether 

- 

120.0- 

184.0 

9(P 

0.60 

BC-208 

— 

Propylene-Based 
Glycol  Ether 

120.0- 

184.0 

933 

U/U 

2S*C 

Vitcosity 

Centi- 

ctokes 

25-C 

Vupor 
Pressure 
sl25*C 
(mm  Hg) 

Surfsce 

Sinsiofl 

(dynes/ 

cm) 

MLUTKmniTIO 

TUuens 

Naghtha 

SihMlIy 

faSMar 

ml/Wml 

Bl 

— 

g 

g 

1.7 

■ 

D 

B 

— 

m 

■ 

1 SolubtMy  Parameters  are  useful  as  a guide  in  determining  the  ability  of  a solvent  or  solvent  mixture  to  dissolve  resins.  A discussion  of  solubility 
paramAers  and  the  basis  for  these  values  are  contained  in  an  article  by  H.S.  Burrell  in  the  Spring  19f  5 issue  of  trtterchemiCBt  Review. 

’ A disoosMm  of  the  hydmgen  bonding  parameter  is  contained  in  an  article  by  Allen  A.  Orr  in  the  August  1975  issue  of  Journti  of  Paint  Tecfmolotr.  Voi. 

47,  No.  607.  pages  45-49.  This  particular  article  was  the  basis  of  the  listed  values  of  the  hydrogen  bonding  parameter. 

3SetafUsh 


Table  11.53:  Propylene  Based  Glycol  Ether  Blend  (23) 


Boiling  point, “C 

179 

Flash  point  (TCC)°F 

147 

Evaporation  rate  Bu  Ac  = 1.0 

0.08 

Specific  gravity  25°/25®C 

0.917 

Pounds  per  gallon  25°C 

7.62 

Viscosity,  cs  25°C 

3.8 

Vapor  pressure  @ 25®C  (mm  Hg) 

0.6 

Surface  tension  (dynes/cm) 

26.4 

Solvent  constants 

Solubility  parameters 

9.0 

Hydrogen  bonding 

14.1 

Dipole  moment  (Debye) 

1.97 

Solubility  in  water  ml/100  ml 

12.0 

Table  11.54:  DIpropylene  Glycol  Monomethyl  Ether  (2) 


ARCOSOLV  DPM 
DOWANOL  DPM 
POLY-SOLV  DPM 
Glycol  Ether  DM 


HOCgH^OCgH^OCHg 


’’Dowanol"  DPM  has  a mild,  pleasant  odor.  Because  of  its  structure  it  is  completely  miscible  with  water  and  a wide  vari- 
ety of  organic  substances,  and  has  the  combined  solubility  characteristics  of  on  alcohol,  on  ether  and  a hydrocarbon.  It 
is  used  in  formulations  of  broke  fluids,  lacquers,  points,  varnishes,  dye  and  ink  solvents,  wood  stains,  textile  processes, 
dry  cleaning  soaps  and  cleaning  compounds- 


Acidity  (os  acetic  acid),  % by  wt.  (max.) 

0.02 

Specific  gravity,  20/20°C. 

0.951 

Appearance 

water-white 

Specific  heat  (average),  caI./®C. 

0.54 

Boiling  point  at  760  mm.  Hg,  ®C, 

188.3 

Surface  tension  at  25 °C.  dynes/cm. 

28.8 

Fire  point  (open  cup), 

185 

Vapor  pressure  at  20®C.,  mm.  Hg 

0.4 

Flash  point  (Cleveland  open  cup),  ®F. 

185 

Viscosity  in  centistokes:  25 ®C. 

3.33 

Freezing  range,  °C. 

-117 

75  ®C. 

1.07 

Refractive  index  (np  at  20°C.) 

1.419 

Weight  per  gal . at  20®C .,  lb. 

7.91 

Molecular  weight 

148.2 
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Table  11.55;  Dipropyiene  Glycol  Monopropyl  Ether  (19) 
ARCOSOLV  DPNP 


Formula  Vapor 


Molecular 

Boiling 

Freezing 

Flash 

Pressure, 

Weight 

Point,  •€ 

Point,  ®C 

Point,  «FW 

mmHg 

176.26 

212.3 

<-70 

208 

0.04 

Specific 

Gravity, 

20/20«C 

Pounds 

Per 

Gallon 

Coefficient 

Solubility  at 
20«C,Vabywt 

Relative 

Evaporation 

Rate 

(nBuAc  s 100) 

Surface  lension 
at  25^C.  dynes/cm 

of 

Expansion 

at20«C 

in 

Water 

Water 

in 

Neat  25^  Aq. 

Product  Solution(i>) 

0.922 

7.67 

0.00093 

18.0 

23.0 

0.64 

25.8 

(a)  Tag  Closed  Cup 

(b)  Ail  solutions  are  percent  by  volume 


Table  11.56;  Dipropyiene  Glycol  Monobutyl  Ether  (19) 
ARCOSOLV  DPNB 


Formula  Vapor 


Molecular 

Boiling 

Freezing 

Flash 

Pressure. 

Weight 

Point,  **C 

Point,  ®C 

Point.  *FW 

mmHg 

190.28 

230.6 

-70(0 

230 

0.05 

Specific 

Gravity, 

20/20«C 

Pounds 

Per 

Gallon 

Coefficient 

Solubility  at 
20«C,^bywt 

Relative 

Evaporation 

Rate 

(nBuAc  = 100) 

Surface  Tension 
at  2S^C,  dynes/cm 

of 

Expansion 

at20«C 

In 

Water 

Water 

In 

Neat  25A(iAq. 

Product  Solutlon((>l 

0.917 

7.62 

0.00092 

3.0 

12.0 

0.40 

~ — 

(a)  Tag  Closed  Cup 

(b)  All  solutions  are  percent  by  volume 

(c)  Sets  to  glass  below  this  temperature 

Table  11.57;  Dipropyiene  Glycol  Tertiary  Butyl  Ether  (70) 

ARCOSOLV  DPTB 

ARCOSOLV  DPTB  is  a colorless  liquid  with  a mild  odor  and  low  volatility,  it  is  partially  water  soluble  and 
demonstrates  good  coupling.  It  also  shows  good  solvency  for  coating  resins.  The  properties  of  DPTB  support  its 
use  in  agricultural,  coating,  cleaning,  ink,  textile  and  adhesive  products 

PRODUCT  IDENTIFICATION 

Chemical  Name  ...Tertiary  Butoxy  Propoxy  Propanol 

Dipropyiene  Glycol  Tertiary  Butyl  Ether 

Chemical  Family Propylene  Glycol  Ether 

Chemical  Formula C10H22O3 


(continued 
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Table  11.57:  (continued) 


PRODUCT  SPECIFICATIONS 


TYPICAL  PROPERTIES 

■ Density  (pounds  per  gallon  at  25“C) 7.6 

■ Evaporation  Rate  (BuAc  =100) 1.5 

. Flash  Point  (SETA)  (®F) 87  (188) 

• Solubility  by  weight  in  water  at  20°C 12% 

• Solubility  Parameter  (Total  Hansen) 9.3 

■ Surface  Tension  (Dynes/cm)  @ 25®C  (77°F) 26 

• Refractive  Index  @ 25°C  (77®F) 1.42 

• Viscosity  (centistokes)  @ 25"C  (77®F) 4.9 

• Vapor  Pressure  @ 25“C  (77 “F)  (mm  Hg) 0.08 


Specific  Gravity 
@25°C 

0.890  - 0.910 

ASTM  D-891 

Distillation  @ 
760mm  Hg 
IBP,  min. 
DP,  max. 

200°C 

220°C 

ASTM  D-1078; 
E-202 

Acidity,  virt.  % as 
acetic  acid,  max. 

0.015 

ASTM  E-202; 
USPXXI 

Water, 
virt.  %,  max. 

0.25 

ASTM  E-202; 
E-203 

Color, 

APHA,  max.  j 

20 

ASTM  E-202; 
D-1209 

Table  11.58:  Tripropylene  Glycol  (2) 


Tripropylene  glycol  Is  a water-white  liquid.  One  of  its  unique  features  is  its  combination  of  water-solubility  and 
good  solubility  for  many  organic  compounds.  Because  of  high  boiling  point  and  low  volatility  it  Is  used  in  the 
formulation  of  textile  soaps,  lubricants,  cutting  oils,  and  similar  applications. 


Boiling  point: 


760  mm.  Hg,  °F. 

513.0 

760  mm.  Hg,  °C. 

267.2 

Fire  point  (Cleveland  open  cup),  °F . 

310 

Flash  point  (Cleveland  open  cup),  °F. 

285 

Freezing  range 

supercools 

Molecular  weight 

192.3 

Refractive  index  (nQ  at  25 °C.) 

1,442 

Specific  heat  at  77°F.  (25 °C.) 

0.51 

Surface  tension  at  25 °C.,  dynes/cm. 

34 

Vapor  pressure  at  25 ®C.,  mm.  Hg 

0.01 

Viscosity  (absolute)  In  centistokes: 

25 ‘‘C. 

55.1 

60°C. 

9.80 

Weight  per  gal  at  25 °C.,  lb. 

8.51 
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Table  11.59:  Tripropylene  Glycol  Monomethyl  Ether  (2) 


Tripropylene  glycol  monomethyl  ether  is  a colorless  liquid  possessing  a mild,  pleasant  odor.  It  is  completely  miscible  with 
a wide  variety  of  organic  products  and  water.  This  solubility  for  a wide  range  of  organic  products  is  due  to  the  presence 
of  the  hydroxyl,  ether  and  alkyl  group  in  the  molecule.  It  is  used  in  the  manufacture  of  cosmetics,  liquid  soaps,  clean- 
ing formulation,  printing  and  writing  inks,  dyeing  formulations,  wood  stains  and  in  lacquers,  paints  and  varnish  formulations. 


ARCOSOLV  TPM 
DOWANOL  TPM 
POLY-SOLV  TPM 
Glycol  Ether  TPM 


Acidity  (as  acetic  acid),  % by  wt.  (max.) 

0.02 

Specific  gravity,  25/25  °C. 

0.967 

Appearance 

water-white 

Specific  heat  (average),  cal./°C. 

0.51 

Boiling  point  at  760  mm.  Hg,  °C. 

242.4 

Surface  tension  at  25°C.,  dynes/cm. 

30.0 

Fire  point  (open  cup),  °F . 

270 

Vapor  pressure  at  75 °C.,  mm.  Hg 

0.022 

Flash  point  (Cleveland  open  cup),  °F . 

260 

Viscosity  In  centistokes: 

Freezing  range,  °C . 

-42 

25  °C. 

6.16 

Refractive  Index  (np  at  25 ®C.) 

1 .428 

75  °C. 

1,67 

Molecular  weight 

206.3 

Weight  per  gal . at  20°C  .,  lb. 

8.05 

Table  11.60:  Aromatic  Based  Glycol  Ether  (23) 

DALPAD  A 

Molecular  weight 

138.0 

Boiling  point,  °C 

245.0 

Flash  point  (TCC)°F 

260 

Evaporation  rate  Bu  Ac  = 1 .0 

<0.01 

Specific  gravity  25°/25°  C 

1.104 

Pounds  per  gallon,  25°C 

9.18 

Viscosity,  cs,  25®C 

20.5 

Vapor  pressure  @ 25°C  (mm  Hg) 

0.03 

Surface  tension  (dynes/cm) 

42.0 

Dilution  ratio 

Toluene 

Insoluble 

Naphtha 

Insoluble 

Solvent  constants 

Solubility  parameter 

11.4 

Hydrogen  bonding 

16.6 

Dipole  moment  (Debye) 

1.67 

Solubility  in  water  ml/100  ml 

2.3 

TRIGLYCOLS 

Table  11.61:  Methoxytriglycol  (19) 


POLY-SOLV  TM 

Triethylene  Glycol  Monomethyl  Ether 


Molecular  weight 

164.20 

Freezing  point,  °C 

-38.2 

Apparent  specific  gravity, 

Absolute  viscosity,  cp 

@ 20“/20  t 

1.053 

@20^0 

7.27 

ASpecific  gravity/ At., 

Solubility 

10°-40®C,  per^^C 

0.00088 

@ 20^C  in  water 

complete 

Boiling  point,  °C 

% by  wt  water  in 

complete 

@ 760  mm  Hg 

249.0 

Solubility,  % by  wt  in 

@ 50  mm  Hg 

162 

heptane** 

1.5 

@10  mm  Hg 

126 

Refractive  index,  n^ 

1.4381 

Ab.p./Ap.,  750  to  770 

Heat  of  vaporization,  Btu/lb 

mm  Hg/C  per  mm  Hg 

0.053 

@ 1 atm 

141 

Vapor  pressure  at  20^C, 

@ 300  mm  Hg 

150 

mm  Hg 

<0.01 

Flash  point,  closed  cup,  °F 

238 

Relative  evaporation  rate* 

(Bu  Ac  = 100) 

<0.1 

•Evaporation  rate  of  glycol  ether  at  20®C  referenced  to  n-butyl  acetate  at  25^C. 

••At  25“C  the  glycol  ether  is  completely  soluble  in  acetone,  benzene,  ethyl  ether,  methanol,  and  carbon  tetrachloride. 
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Table  11.62:  Ethoxytriglycol  (19) 


POLY-SOLV  TE 

Triethylene  Glycol  Monoethyl  Ether 


Molecular  weight  178.23 

Apparent  specific  gravity, 

@ 20720°C  1 .0250 

ASpecific  gravity/At., 

10°-40®C,  per°C  0.00088 

Boiling  point, °C 

@ 760  mm  Hg  255.9 

@ 50  mm  Hg  167 

@10  mm  Hg  130 

Ab.p./Ap.,  750  to  770 

mm  Hg  ®C  per  mm  Hg  0.055 

Vapor  pressure  at  20®C, 

mm  Hg  <^0.01 

Relative  evaporation  rate* 

(Bu  Ac  = 100)  <0.1 


Freezing  point,  °C  -18.7 

Absolute  viscosity,  cp 

@20°C  7.8 

Solubility 

@ 20°C  In  water  complete 

% by  wt  water  in  complete 

Solubility,  % by  wt  in 

heptane**  2 

Refractive  index,  n^^  1.4376 

Heat  of  vaporization,  Btu/lb 
@ 1 atm  129 

@300  mm  Hg  137 

Flash  point,  closed  cup,  ®F  255 


* Evaporation  rate  of  glycol  ether  at  20®C  referenced  to  n-butyl  acetate  at  25'’C. 

**At  25®C  the  glycol  ether  is  completely  soluble  In  acetone,  benzene,  ethyl  ether,  methanol,  and  carbon  tetrachloride. 


Table  11.63:  Butoxytriglycol  (19) 

Triethylene  Glycol  Monobutyl  Ether 


Molecular  weight 

206.28 

Freezing  point,  '’C 

-47.6 

Apparent  specific  gravity, 

Absolute  viscosity,  cp 

@ 2(ff2(fC 

1.0021 

@20“C 

10.9 

ASpecif  ic  gravity/At., 

Solubility 

10®-40®C,  per  °C 

0.00082 

@ 20“C  in  water 

complete 

Boiling  point,  °C 

% by  wt  water  in 

complete 

@ 760  mm  Hg 

(dec) 

Solubility,  % by  wt  in 

@ 50  mm  Hg 

188 

heptane** 

Refractive  index,  n^ 

complete 

@10  mm  Hg 

148 

1 .4394 

Ab.p./Ap.,  750  to  770 

Heat  of  vaporization,  Btu/lb 

mm  Hg,  per  mm  Hg 

- 

@ 1 atm 

176*** 

Vapor  pressure  at  20 

@ 300  mm  Hg 

mm  Hg 

Relative  evaporation  rate* 

<0.01 

Flash  point,  closed  cup,  °F 

>250 

(Bu  Ac  = 100) 

<0.1 

* Evaporation  rate  of  glycol  ether  at  20®C  referenced  to  n-butyl  acetate  at  25**C. 

**At  25®C  the  glycol  ether  is  completely  soluble  in  acetone,  benzene,  ethyl  ether,  methanol,  and  carbon  tetrachloride. 
***At  190®C  and  50  mm  Hg, 


MISCELLANEOUS  GLYCOL  DATA 

Table  11.64:  ARCOSOLV  Evaporation  Characteristics,  Resin  Compatibility  and  Other  Data  (70) 


Relative  Solvent  Evaporation  Rates 


Acetone 

559 

Ethyl  Acetate 

391 

Methyl  Ethyl  Ketone 

379 

Methanol 

207 

Isopropyl  Alcohol 

144 

Butyl  Acetate 

100 

PM 

66 

EM 

47 

EE 

32 

EB 

6 

DPM 

2 

PMA 

34 

EEA 

20 

(continued) 


Table  11.64:  (continued) 


Evaporation  Curves— Neat  Solvents 


Evaporation  Rates  for  PM/DPM  Blends 


(continued) 
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Table  11.64:  (continued) 


Evaporation  Curves  from  60%  Araldite®  6010* 
Epoxy  Resin 


Evaporation  Curves  from  10%  RS  1/2  Sec. 
Nitrocellulose*  Resin 


Evaporation  Times  of  Glycol  Ether  Acetates 


Evaporation  Curves— Glycol  Ether  Acetates  and 
PM  Acetate/DPM  Acetate  Blends  (25  X) 


(continued) 
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Table  11.64:  (continued) 


Compatibility  of  ARCOSOLV"  PM  Solvent  with 
Various  Film  Formers 


Glycol  Ether  Azeotropes  with  Water 


EE 

136 

99 

29 

71 

EP* 

150 

99 

27 

73 

EB 

171 

99 

21 

79 

PM 

121 

96 

50 

50 

PTB 

151 

95 

21 

79 

PP 

149 

97 

41 

59 

PB 

170 

99 

28 

72 

‘Ethylene  Glycol  Propyl  Ether 


ARCOSOLV  PTB  Ether  and  other  Glycol  Ethers 
Evaporation  Curves-Neat  Solvents 


C - Clear 
H - Hazy 
V - Very 
S - Slight 
NS  - Not  Soluble 
- Not  Tested 


1 See  Table  for  supplier  listing  by 
tradename. 

2.  All  testing  carried  out  under  ambient 
conditions.  Resins  were  used  as 
received  from  manufacturer.  Criterion 
for  solubility  in  solutions  was  two  hours 
shaking.  Sample  size  was  200  g.  Films 
were  applied  at  3 mils  thickness  on 
glass  and  air  dried  48  hours. 

3 20%  Resin/80%  ARCOSOLV  PM 
solvent. 

4 5%  Resm/95%  ARCOSOLV  PM  solvent. 

5,  75%  Resin/25%  ARCOSOLV  PM 

solvent. 


Resin  Tradename!  Compatibility^ 

Wt.%  ARCOSOLV  PM/Resin 
10/90  50/50  90/10 

Soln  Film  Soln  Film  Soln  Film 


( Acrylic  ( 

Acryloid  AT-51 

C 

c 

c 

c 

c 

VH 

Efvacite  2041 

NS3 



NS'* 

NS 

Acryloid  OL-42 

C 

c 

C 

c 

c 

C 

I Alkyd  (Solvent  Reducible) 

Beckosol  12-006 

1 C 

c 

c 

c 

^ c 

c 

Duraplex  12-808 

1 c 

c 

c 

c 

c 

c 

Cargill  5836 

C 

c 

c 

c 

c 

c 

1 Alkyd  (Vinyl  Toluene/Oil) 

Keltrol  1001 

* c 

1 C 

C 

NS 

1 Alkyd  (Water  Reducible)  | 

Kelsol  3902 

c 

c 

c 

c 

c 

c 

Kelsol  3921 

c 

c 

c 

c 

c 

c 

I Cellulose  Acetate  Butyrate 

CAB  381-05 

C3 

C'* 

C'* 

C 

C 

[Chlorinated  Rubber  | 

Parlon  S-20 

NS-^ 

- 

- 

NS 

mm\ 

Epoxy  1 

Araldite  6010 

C 

c 

c 

c 

c 

c 

Araldite  7071 

C5 

c 

c 

c 

c 

1 Ethylene  Vinyl  Acetate 

Elvax  40 

__ 

— 

- 

- 

1 Melamine  Formaldehyde  j 

Uformite  27-806 

c 

c 

c 

c 

c 

Cymel  303 

c 

c 

c 

c 

c 

c 

1 Nitrocellulose 

Cellofilm  No.  101175 

c 

c 

C 

C 

C 

c 

Polyamide  | 

Hardener  HZ  815X70 

c 

c 

c 

c 

c 

c 

Hardener  HZ  815 

c 

c 

c 

c 

c 

c 

Hardener  HZ  840 

c 

c 

c 

H 

c 

c 

1 Urea  Formaldehyde 

Beetle  227-8 

c 

c 

c 

c 

c 

c 

Beckamine  21-511 

c 

c 

c 

c 

c 

c 

Urethane 

Spenkel  F-78-50 

c 

c 

c 

c 

H 

Spenkel  F-48-50 

c 

C 1 

c 

c 

c 

SH 

Spenkel  F-77-60 

c 

c 

c 

c 

c 

C 

Vinyl  Chloride/Acetate 

Vinylile  VYNS 

NS3 

1 

NS'* 

NS 

Vinytite  VAGH 

NS3 



NS'* 

NS 

Vinylite  VYHH 

NS3 

- 1 

NS'* 

- 

NS 

— 

(continued) 
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Table  11.64:  (continued) 


Resin  Suppliers 


Viscosities  of  PM  with  Various  Resins 


Resin  Traijename 

Supplier 

o/o  Solids 

Solvents  | 

Acrylic  1 

'Acryloid  AT-51 

Rohm  and  Haas 

50 

Xylene/n-Butanol 

Elvacite  2041 

DuPont 

100 

— 

Acryloid  OL-42 

Rohm  and  Haas 

80 

EEA 

Alkyd  (Solvent  Reducible) 

Beckosol  12-006 

Reichhold 

50 

Xylene/VM&P  Naphtha 

Duraplex  12-808 

Reichhold 

60 

Xylene 

Cargill  5836 

Cargill 

70 

EEA 

lAlkvd  (Vinyl  Toluene/Oil) 

Spencer  Kellogg  [ 

60  1 

Mineral  Spirits  | 

le) 

Spencer  Kellogg 

75 

EB 

Spencer  Kellogg 

75 

Propylene  Glycol 

Propyl  Ether 

I Cellulose  Acetate  Butyrate  J 

Eastman  | 

1 100  I 

= 



1 — 

Hercules 

I ^00  I 

z 

Epoxy  

Araldite  6010 

1 Ciba-Geigy  ! 

100 

— 

Araldite  7071 

1 Ciba-Geigy 

100 

— - 1 

1 Ethylene  Vinyl  Acetate  i 

DuPont 

100 

1 

Reichhold 

80 

r i-Propanol/i-Butanol 

American  Cyanamid 

100 

1 — 1 

1 

Cellofilm  No.  101175 

Cellofilm 

40 

Methylisobutyl  Ketone/ 

V2  Sec.  Solution 

Toluene/Butyl 

Acetate/n-Butanol 

(Polyamide 

' 

Ciba-Geigy 

70 

Xylene 

1,, 

Ciba-Geigy 

100 

— 

Ciba-Geigy 

100 

t ~~ 

Urea  Formaldehyde  1 

■ Beetle  227-8 

1 American  Cyanamid 

52 

Xylene/n-Butanol 

Beckamine  21-511 

1 Reichhold 

60 

. n-Butanol/Ethanol  | 

1 Urethane  ! 

Spencer  Kellogg 

50 

Mineral  Spirits 

Spencer  Kellogg 

50 

Mineral  Spirits 

Spencer  Kellogg 

60 

Mineral  Spirits 

Vinyl  Chloride/Acetate  1 

Vinylite  VYNS 

Union  Carbide 

100 

— 

Vinylite  VAGH 

Union  Carbide 

100 

— 

Vinylite  VYHH 

Union  Carbide 

100 

— 

Viscosity,  cps  at  25  C 

Resin 

Final  % Sols. 

PM 

EE 

EB 

Acrylic’ 

30 

390 

430 

650 

Epoxy* 

60 

690 

780 

1010 

Nitrocellulose* 

10 

^250 

280 

370 

Polyester*  (bake) 

60 

290 

270 

390 

Alkyd*  (wat.  red.) 

60 

410 

410 

580 

1.  Acrytoid^^  B~72  (Rohm  and  Haas) 

2.  Epom-  1001  (Shell  Chemical  Co.) 

3.  RS  V2  Sec.  Nitrocellulose  (Hercules,  Inc.) 

4.  Aroplar  6025-A1-80  (Spencer  Kellogg, 
Division  of  Textron,  Inc.) 

5.  Cargill  7451  (Cargill,  Inc.) 


Viscosities  of  PM/DPM  Blends  with  Various  Resins 


Viscosity,  cps  at  25  C 

Final  PM/DPM  PM/DPM  PM/DPM 


Resin 

% Sols 

PM 

DPM 

EE 

EB 

95/5 

90/10 

65/35 

Acrylic’ 

30 

390 

910 

430 

650 

415 

440 

540 

Alkyd* 

50 

460 

840 

490 

645 

480 

490 

600 

Epoxy* 

80 

170 

400 

170 

230 

180 

190 

235 

7.  Acrytoicf^  B-72  (Rohm  and  Haas) 

2.  Cargill  7433  (Cargill,  Inc.) 

3.  ARALDITE'  6010  (Ciba-Geigy  Corporation) 


(continued) 


Glycol  Ethers  541 


Table  11.64:  (continued) 


Viscosity  Reduction 
EPON'“'  1001 
Epoxy  Resin*  (25°C) 


‘Shell  Chemical  Company 


Viscosity  Reduction 
RS  Vi  Sec.  Nitrocellulose 


Viscosity  Reduction 
Aropiaz®  6230 
Alkyd  Resin*  (25 °C) 


‘Spencer  Kellogg  Division,  Textron,  Inc. 


Viscosity  Reduction 
CARGILL  5710 
Alkyd  Resin*  (25°C) 


65/35  PM/DPM  Blend 


% Solids 


‘Hercules,  Inc. 


‘Cargill,  Inc. 


(continued) 
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Table  11.64:  (continued) 


Performance^  of  ARCOSOLV'  DPMA  in  a 
Vinyl  Acrylic  Interior  Wall  Paint 
(6.8  Wt.  % Coalescent) 


Viscosity  (KU) 

88 

87 

Rim  Appearance  (SealedAjnaealed)  | 

77*F 

10/10 

10/10 

10/10 

10/10 

40T 

10/10 

10/10 

10/10 

10/10 

1 8heen~85®F  (Sealed/Unsealed)  1 

77”F 

17/15 

18/14 

15/14 

16/12 

40"F 

12/10 

19/15 

16/14 

16/14 

1 Hiding  (Sealed  Area)  I 

77°F 

96.9 

97.1 

966 

970 

40°F 

95.5 

96.1 

95.5 

96.3 

1 Reflectance-%  (Seated  Area)  I 

77^F 

Unstained 

91.9 

92.1 

91.8 

92,1 

Stained 

86.6 

86  2 

85.5 

85,5 

40°F 

Unstained 

89.7  - 

92.5 

92.2 

92.2 

Stained 

72.1 

84,8 

84.2 

850 

1.  ASTM  Standardized  Scoring  Scheme 


Scofe 

Performance 

Elteci 

10 

Perfed 

None 

9 

Exceflenl 

Trace 

B 

Very  Good 

Very  SlighI 

6 

Good 

SJrgbl 

4 

Fair 

Moderate 

2 

Poor 

Conuderabie 

1 

Very  Poor 

Severe 

0 

Ko  Viilue 

ComiiMo  f u4uic 

2 Trademark  of  Eastman  Chemical  Products.  Inc. 


Improved  Whiteness  in  Coatings  using 
ARCOSOLV*  Glycol  Ethers  and  Acetates 


Epoxy  Baking  Enamel 

PM 

80.2 

EE 

78.4 

Epoxy  Maintenance  Enamel 

PM 

77.6 

EE 

75.8 

High  Solids  Alkyd  Enamel 

PM 

78.5 

EB 

76.2 

Polyester  Appliance  Enamel 

PMA 

79-7 

EEA 

78.5 

Whiteness  Study-Reduced  Amount  of  Titanium 
Dioxide  White  Epoxy  Baking  Enamel 


T(02  Reduction,  % 

- 

10 

- 

10 

Whiteness  Index 

85.5 

85.5 

84.6 

83.5 

Opacity 

94.5 

94.1 

94.0 

92.0 

Effect  of  Grinding  Method  on  Whiteness 
White  Epoxy  Baking  Enamel 


Viscosity  (CPS) 

25.000 

19,000 

400 

1200 

Grind  (Hegman  No.) 

7 

7 

8+ 

8+ 

Whiteness  Index 

86.3 

83.0 

86.9 

83.1 

Opacity 

95.4 

93.6 

96.0 

93.8 

Whiteness  Index 

86.4 

84.5 

86.3 

83.3 

At  99.9+%  Opacity 

Hard  Surface  Cleaner  Evaluation 
Selected  Glycol  Ethers 


EB 

79 

80 

ARCOSOLV  PM 

70 

79 

ARCOSOLV  DPM 

79 

81 

ARCOSOLV  TPM 

78 

80 

1.  Trademark  of  Texize  Chemical  Company 
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Table  1 1 .64:  (continued) 

Evaluation  of  ARCOSOLV  Glycol  Ethers  in 
Household  Cleaners 


Performance  Rating  1 

Cleaner 

Ethylene  Glycot 
Butyl  Ether 

ARCOSOLV  PM/OPM 
60/40  Blend 

All  Purpose  Hard  Surface  Type’ 

91 

98 

Spray-On  Metal  Cleaner 

Excellent 

Excellent 

Glycol  Ether 

5.0  Wt.% 

Glycol  Ether 

20.0  Wt.% 

Trisodlum  Phosphate 

2.0 

Makon®  10  Surfactant 

20.0 

Sodium  Metasilicate  (5  Hydrate) 

2.0 

Kerosene 

60.0 

Sodium  EDTA  (Anhydrous) 

2.0 

Tergitol'*  15-S-9  Surfactant^ 

7.0 

Na  Xylene  Sulfonate  (40%) 

1.0 

Water 

01.0 

1.  Evaluated  in  accordance  with  Federal 
Specification  P-D-220D.  Soil  described 
in  Method  670 IT  of  Federal  Test 
Method  Standard  436. 

2 Union  Carbide  Corporation. 

3.  Stepan  Chemical  Company. 


ARCOSOLV  Acceptable  Exposure  Criteria 


Acceptable  Expoture  Criteria 


TLV  s of  5 ppm  for  EM.  EE  and  their  acetate  derivatives 
established  by  the  American  Conference  of  Governmental 
Industrial  Hygienists  (ACGIH)  in  May  1904  Several  glycol  ether 
producers  are  recommending  2-5  ppm  on  EM  and  5 ppm  on  EE 
and  EEA.  The  ANPR  could  result  m more  severe  restrictions 
There  is  no  standard  established  by  ACGIH  for  PMA  Based  on  a 
comparison  with  PM  TLV.  a comfort  level  of  100  ppm  would  be 
recommended  for  PMA.  For  detailed  information  as  lor  our  toxicity 
bulletin  or  product  MSOS 


ARCOSOLV  Comparative  Aquatic  Technology 


i * if  • '■ 

LC-SOs  (mg/L) 

GLYCOL 

DAPHNIA 

BLUE 

FATHEAD 

RAINBOW 

GUPPY 

LAMPREY] 

ETHER 

MAGNA 

GILL 

MINNOW 

TROUT 

EEL  I 

PM 

23,000 

N/D 

20,800 

N/D 

N/D 

N/O 

N/D  ! 

PMA 

408 

N/D 

161 

N/D 

N/D 

N/D 

>5,000  i 

PE 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

>5.000; 

PNP 

3,600 

N/D 

3,420 

N/D 

N/D 

N/D 

N/D  I 

PNB 

>1,000 

N/D 

N/D 

N/D 

560 

N/D 

>5,000 

PTB 

>1,000 

>1,000 

N/D 

>1,000 

N/D 

N/D 

N/D 

PPh 

370 

N/D 

280 

N/D 

N/0 

N/D 

N/D 

DPM 

1,919 

N/D 

>10,000 

N/D 

N/D 

N/D 

N/D 

DPNB 

>1,000 

N/D 

N/D 

N/D 

841 

N/D 

N/D 

TPM 

>10,000 

N/D 

11,600 

N/D 

N/D 

N/D 

N/D 

TPNB 

>1,000 

N/D 

N/D 

N/D 

564 

N/D 

N/D 

EM 

>10,000 

>10,000 

N/D 

16,000 

17.400 

’ >syooF 

" W" 

EE 

N/D 

>10,000 

N/D 

N/D 

16,400 

^ >5l)M~ 

N/D 

EB 

835___ 

1.490  . 

2,137 

N/D 

983 

1,700 

N/D  = No  Data  Located 
References 

AQUIRE,  1994.  Online  environmental  data  base  available  through  the  (iheinieal 
Infonnation  System  (CIS),  Baltimore. 

OHiMAEADS  (Oil  and  Hazardous  Alaterials/Technical  As.sistance  Data  System),  1994. 
Online  environmental  data  base  available  through  the  Chemical  Information  System  (CIS), 
Baltimore. 

U.S.  Fish  and  \Vildlife  Sendees,  Research  Information  Bulletin  No.  S4-78.  August,  1984. 
V^ersehueren,  R.  198  F ‘Handbook  of  Environmental  Data  on  Organic  (Chemicals,  Second 
Edition.'  \’an  Nostrand  Reinhold,  NV. 


Biuuegradation  of  selected  propylene  glycol 
ethers  after  28  days  Incubation.  Test  performed  in  the 
same  laboratory,  with  pre-acclimated  inoculum,  using 
the  same  dose  (3.75  mg/I).  (continued) 
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Table  11.64:  (continued) 


tetel>M 


TOXICOLOGICAL 
ENDPOINTS  TABLE 


Inlialntion  (ppm) 
Dermal  (ing/kg/d) 
Oral  (ing/kgAI) 


Inhalaiion  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhaiation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhalation  (ppm) 
Demial  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 
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TOXICOLOGICAL 
ENDPOINTS  TABLE 

(ajinmucd} 


Inh;)hition  (ppm) 
Dermal  (mg/kg/d) 
Oral  (ing/kgAl) 


Inlialaiion  (ppm) 
Dcnnal  (mg/kg/d) 
Oral  (mg/kgAl) 

Inhalation  (ppm) 
Demial  (ing/kg/d) 
Oral  (mg/kgAl) 

Inhalation  (p))m)  ^ 

Dermal  (mg/kg/d) 
Oral  (mg/kg/u) 

Inhalation  (ppm) 

! Dermal  (mg/kg/d) 
Oral  (mg/kg/ci) 

Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 

Inhalation  (ppm) 
Dermal  (mg/Tcg/d) 
Oral  (mg/kg/d) 

Inhalation  (ppm) 
Demial  (ing/kg/d) 
Oral  (mg/kg/d) 

Inhalation  (ppm) 
Dennal  (mg/kg/d) 
<^ral  (mg/kg/d) 

Inhalation  (ppm) 
Dermal  (mg/kg/d) 
Oral  (mg/kg/d) 


N/D  = No  Data  *.NNF  = No  NOAEL  Found  (Lowest  dose  tested  caused  the  effect)  • NLF  = 
• Kidney  toxicity  was  reported  at  lower  doses. 


N/D 

N/D 

1,000 

N/D 

N/D 

NLF 

N/D 

N/D 

1,000 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

910 

NLF 

910 

1,000 

NLF 

1,000 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

120 

NLF 

i:o 

30 

100 

30 

100 

30 

100 

NSF 

650 

N/D 

N/D 

N/D 

N/D 

50 

100 

10 

50 

NNF 

1 00 

100 

400 

100 

370 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

N/D 

150 

300 

93 

185 

N/D 

N/D 

404 

NLF 

25 

r 77 

494 

NLF 

360 

NLF 

150 

180 

360 

NLF 

885 

NLF 

80 

90 

885 

NLF 

No  LOAEL  Found  (Highest  dose  tested  did  not  cause  the  effect) 


Table  11.65:DOWANOLMiscibillty,  Solubility,  Evaporation  Rates,  Vapor  Pressure,  Density,  Surface  Tension  and  Other  Data  (23) 


UquMs  MisdUe  WHh  MlWim  Gly^ 


Solubiiity  Umlti  ol  various  Liquids  In  DOWANOL  Glycol  Bhen'  (inl/lOO  ml) 


Acetaldehyde 
Acetic  Acid  (Glacial) 
Acetic  Anhydride 
Acetone 

Acetylene  Tetrabromide 
Acrylonitrile^ 

Allyl  Alcohol’ 

Amyl  Alcohol 
tert-Amyl  Alcohol’ 

Amyl  Acetate 
Aniline 
Benzaldehyde 
Benzene 
Benzyl  Alcohol 
n>Butyl  Acetate 
n>Butyl  Alcohol 
n-Butyl  Lactate’ 

Butyl  Oleate’ 
n-Butyraldehyde 
Carbon  Bisulfide 
Carbon  Tetrachloride 
Castor  Oil 
Chloroform 

CHLORDTHENE*  solvent 
Cyclohexanol 
Cyclohexanone’ 
Cyclohexene 
Dehydrated  Castor  Oil 
9-11  Acids’ 


Diacetone  Alcohol’ 
Dibutoxy  Ethyl  Phthatate’ 
Dibutyl  PhthaJate 
Dibutyl  Sebacate’ 
o-Dichlorobenzene 
Dichloroethyl  Ether 
Oichloroisopropyt  Ether’ 
Diethanolamine 
Didecyl  Phthaiate’ 

Diethyl  Ether 
Diethylene  Glycol 
Di-2-Ethylhexyl  Phthaiate' 
Di-2'Ethyihexyl  Sebacate’ 
Diisoctyl  Phthaiate’ 
Dimethoxy  Ethyl  Phthaiate’ 
p-Dioxane 
Diphenyl  Oxide 
Dipropytene  Glycol 
Ethanol  (95%) 

Ethyl  Acetate 
Ethyl  Benzene’ 

Ethyl  Bromide’ 

Ethylene  Chlorohydrin’ 
Ethylene  Dibromide 
Ethylene  Dichloride 
Ethylene  Glycol 
Ethylidene  Dichioride’ 

Ethyl  Lactate’ 


Furfural 

Isopropanol 

Isopropylbenzene  (Cumene) 
Isopropyl  Chlonde' 

Lactic  Acid  85% 

Methanol 

Methyl  Cyclohexanol' 
Methyl  Ethyl  Ketone 
Methyl  tsobutyl  Ketone 
Methyl  Salicylate 
Methylene  Bromide 
Methylene  Chlorobromide’ 
Methylene  Chloride 
Monochiorobenzene 
Monoethanolamine 
Monoisopropanolamine 
Morpholine 
Nitrobenzene 
Nitroethane’ 

Nitromethane 
Octyl  Alcohol 
Oleic  Acid 
Paraldehyde 

Pentachlorodiphenyl  Oxide’ 
Perchloroethylene 
Phenethyt  Acetate' 
Phenethy!  Alcohol’ 
Phenetole’ 


Phenyl  Acetate 
Phosphoric  Acid  (Cone.) 
Pine  Oil 
Piperidine’ 

Polyethylene  Glycol  400’ 
Polyethylene  Glycol  600' 
Polypropylene  Glycol  400’ 
Polypropylene  Glycol  750’ 
Polypropylene  Glycol  1200’ 
n-Propanol 
Propylene  Oichloride 
Propylene  Glycol 
Pyridine’ 

Ricinoleic  Acid’ 

Styrene  N-99’ 

Styrene  Oxide’ 
Tetrachloroethane 
Tetrahydrofurfuryl  Alcohol 
Toluene 

Trichloroethylene 
1,1.1-Trichloroethane 
Tricresyl  Phosphate’ 
Triethanolamine 
Triethylene  Glycol 
Trimethylene  Chlorobromide’ 
Tripropylene  Glycol 
Tall  Oil 
Xylene 


»TtiB  MlulNliiy  of  thass  products  his  fwt  Imn  detirmined  for  DOWANOL  EPh,  DALPAO  A,  and  DOWANOL  PPfi 
•Tradsnurk  of  Th#  Dow  Chemical  Company 


COMPOUND 

PM 

0PM 

TPM 

PPh 

EB 

OB 

TBH 

DM 

TMH 

EPh 

n-Butyl  stearate 

OC 

X 

X 

X 

X 

- 

8 

X 

Cottonseed  oil 

X 

- 

X 

00 

X 

- 

Ins. 

— 

6 

Cycioltexane 

X 

X 

X 

X 

— 

64 

_ 

33 

Diamylnaphthalene 

00 

X 

- 

X 

X 

X 

— 

— 

Di-2-ethylhexyl  adipate 

00 

X 

- 

X 

X 

— 

X 

— 

Fish  oil 

X 

- 

X 

* 

1.5 

— 

— 

Formaldehyde  (40%) 

00 

X 

21 

X 

X 

X 

X 

X 

Formamide  (37-36%  stabilized) 

X 

X 

12 

X 

X 

- 

X 

X 

Gasoline 

00 

X 

X 

X 

X 

X 

22 

X 

10 

n-Heptane 

X 

X 

X 

46 

X 

X 

19 

23 

8 

Hexane 

OD 

X 

X 

70 

X 

93 

21 

25 

12 

Hydrochloric  acid  (cone.) 

00 

X 

X 

5.2 

X 

X 

X 

X 

X 

X 

Kerosene 

00 

X 

00 

X 

X 

X 

— 

3 

— 

0.5 

Linsead  oil  (boiled) 

ooZ 

X 

X 

X 

X 

X 

X 

<0.4 

Ins. 

X 

Lemon  oil 

X 

X 

00 

- 

X 

X 

— 

X 

— 

Methyl  cyclohexane 

X 

00 

X 

- 

X 

X 

_ 

46 

_ 

— 

Oiticica  oil 

00 

X 

□0 

- 

X 

QU 

__ 

! oc3 

_ 

— 

Olive  oil 

X 

00 

00 

X 

X 

X 

X 

Ins. 

Ins. 

X 

Peanut  oil 

00 

X 

00 

- 

X 

X 

i 

X 

Ins. 

; Ins. 

^ — 

Safflower  oil 

00 

X 

X 

- 

X 

X 

X 

Ins. 

Ins. 

— 

Soybean  oil 

X 

1 

00 

X 

- 

X 

X 

X 

Ins. 

Ins. 

— 

Turpentine 

X 

1 

X 

X 

- 

X 

X 

X 

55 

28 

Tung  oil 

oo6 

X 

- 

X 

X 

X 

ins. 

Ins. 

— 

Water 

X 

X 

X 

1.1 

X 

X 

X 

X 

X 

2.3 

• Solubility  data  refer  only  to  room  temperature  For  many  OOWANOL  glycol  ether  products,  solubility  is  very  dependent  on  temperature 
? Above  4a  ml  solute:  smaller  quantities  give  ha/y  solutions 

3 AboveSO  ml  solute;  smaller  quantities  give  hazy  solutions 

* Above86  ml  solute:  smaller  quantiliea  give  hazy  solutions. 

I Abow20  ml  solute;  smaller  quantitiea  give  hazy  solutions. 
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Table  11.65:  (continued) 

Solubility  of  Various  Soaps  in  DOWANOL  Glycol  Ethers^  (g/100  g) 


COMPOUND 

PM 

DPM 

TPM 

PPh 

EB 

DB 

DM 

EPh 

Monoethanoiamine  laurate 

19 

4 

3 

7 

37 

21 

15 

3 

Monoethanolamine  oleate 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

Monoethanoiamine  stearate 

3 

<1 

2 

2 

<1 

<1 

<1 

Diethanolamine  laurate 

>100 

97 

28 

>100 

>100 

>100 

>100 

>100 

Diethanolamine  oleate 

>100. 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

Diethanolamine  stearate 

28 

7 

4 

66 

26 

14 

7 

38 

Triethanolamine  laurate 

>100 

22 

18 

68 

90 

58 

67 

80 

Triethanolamine  oleate 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

Triethanolamine  stearate 

15 

6 

5 

21 

13 

5 

<1 

27 

Monoisopropanotamine  laurate 

>100 

37 

15 

>100 

>100 

>100 

>100 

>100 

Monoisopropanolamine  oleate 

>100 

>100 

>100 

; >100 

>100 

>100 

>100 

>100 

Monoisopropanolamine  stearate 

3 

2 

1 

11 

5 

4 

<1 

1 <1 

Monoethanoiamine  tall  oil 

>100 

>100 

>100 

>100 

i >100 

i >100 

>100 

I >100 

Triethanolamine  tail  oil 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

Mixed  Isopropanoiamine  tall  oil 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

Potassium  oleate 

>100 

>100 

>100 

- 

>100 

>100 

>100 

— 

Sodium  oleate 

<1 

i <1 

<1 

- 

1 

1 

1 

- 

' The  solubilities  of  the  various  soaps  in  the  DOWANOL  glycol  ether  products  were  determined  by  the  following  method.  The  various  substances  were  added  by  weight 
to  ?5g  of  DOWANOL  glycol  ether,  the  samples  were  than  shaken  mechanically  for  15  hours. 

All  solubility  studies  were  carried  out  at  room  temperature.  Solubility  was  determined  on  basis  of  a true  solution 
Solubility  in  all  cases  is  reported  as  grams  dissolved  in  lOOg  of  DOWANOL  glycol  ether 


Resin  Solubilityt 


COMPOUND 

PM 

DPM 

TPM 

PMA 

OPMA 

PPh 

EB 

08 

OM 

EPh 

Acrylic  Acryloid^  B-66 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Acryloid  B-72 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Acryloid  B-82 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Elvacite^  2010 

• 

* 

■ 

• 

* 

* 

o 

0 

• 

* 

Epoxy  D.E.R.-651 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

D.E.R.  657 

• 

• 

• 

• 

• 

• 

• 

Melamine  CymeP  303 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

isocyanate  Desmodur^  N100 

0? 

• 

• 

0? 

0i 

01 

0i 

•7 

Nltrocelluloae  R S </2  sec 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

■ 

R.S.  '/4sec 

• 

• 

• 

• 

• 

* 

• 

• 

• 

■ 

Alkyd  Cargill  5710 

• 

• 

• 

• 

• 

• 

• 

• 

Polyester  Cargill  5781 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chempois  11-2339 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Celluiosic  CAP<482-0.5 

• 

* 

■ 

• 

• 

• 

■ 

■ 

• 

^ 

• 

CAB-38 1-2 

• 

■ 

■ 

• 

• 

• 

o 

o 

• 

• 

Phenoxy  UCAR^  PKHC 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Vinyl  UCAR  VYHH 

0 

O 

0 

• 

■ 

■ 

0 

0 

■ 

* 

t METHOD  Solubility  observations  were  made  after  0 5g  resin 
and  4.5  ml  solvent  were  agitated  for  24  hours 


Trademark  of  The  Dow  Chemical  Company 
' Acryloid  trademark  ol  Hohm  & Haas  Company 

2 Elvacite  Trademark  of  E I DuPonI  de  Nemours  & Company 

3 Cymel  Trademark  of  American  Cyanamid  Company 
* Desmodur  Trademark  of  Farbenfabriken  Bayer  AG 

s Chempol  Trademark  ol  Freeman  Chemical  Corporaiion 
s DCAR  Trademark  of  Union  Carbide  Corporation 
^ Soluble,  but  not  recommended  for  use 


Soluble 


Partially 

dissolve! 


soluble,  some  un- 
gel particles 
■ Partially  soluble,  many  un- 
dissotved  gel  particles 
O Insoluble 
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Table  11.65:  (continued) 

Coupling  Abilities  of  DOWANOL  Glycol  Ethers  and  Alcohols 


Composition  ol  Titrant,  Volume  % 


PM 

DPM 

TPM 

Ira 

DB 

DM 

sec-butanol 

Isobutanol 

n-butanol 

ml  to  couple^ 

32.8 

a 

25 

34.2 

50 

37.9 

■n 

50 

41.0 

75 

42.1 

42.5 

75 

48.8 

25 



75 

51.0 

50 

58.3 

60.9 

75 

61.8 

50 

63.9 

75 

25 

64.0 

m 

67.0 

wm 

71.0 

25 

78  8 

25 

82.1 

95.8 

■1 

230.0 

' Milliliters  ot  product  required  to  titrate  10  ml  ot  mineral  spirits  and  10  ml  of  water  to  a clear  homogeneous  solution  at  25"^C 


Evaporation  Rates  of  DOWANOL  Products 


DOWANOL 

(BuAc  = 1.00)> 

DOWANOL 

(BuAc  = 1.00) 

PM 

0.71 

BC-300 

0.21 

DPM 

0.02 

EB 

0.08 

TPM 

<0  01 

DB 

0.003 

PMA 

0.34 

TBH 

<<0.01 

DPMA 

<0.01 

DM 

0 02 

PPh 

<0.01 

TMH 

<<0.01 

BC-100 

0.60 

EPh 

<0.01 

BC-200 

0.25 

OALPAOA 

<0.01 

iChemists  use  the  evaporation  rate  of  butyl  acetate  as  the  standard  for  determining  evaporation  rates  of  solvents  Butyl  acetate  has  an  arbitrary  value  ot  1 00 
All  solvents  evaporating  faster  than  butyl  acetate  have  a number  higher  than  1.00  Those  evaporating  more  slowly  have  evaporation  rales  lower  than  1 00.  All  glycol 
ethers  evaporate  more  slowly  than  butyl  acetate 


(continued) 
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Table  11.65:  (continued) 


Evaporation  Rates  of  DOWANOL  Products 

High  Evaporation  Rate 


— OOWANOL  BC-100  -B-  OOWANOLEB 

OOWANOL  BC'200  DOWANOL  0PM 

DOWANOL  PMA 

Low  Evaporation  Rate 


DOWANOL  DM  — DOWANOL  TPM 

DOWANOL  OPMA  -V-  DOWANOL  PPti 

— OOWANOL  EPti 


(continued) 
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Table  11.65:  (continued) 


Density  (g/cm^)  of  DOWANOL  Products 


o OOWANOLPM 
O - DOWANOL  0PM 
Q DOWANOL  PMA 
- DOWANOL  DPMA 


Temperature,  X 


— OOWANOL  EB 
— e — OOWANOL  OB 
— OOWANOL  TBH 
— B — DDWANOL  TMH 


Temperature.  X 


— DOWANOL  TPM 
O OOWANOL  DM 
— ■ — DOWANOL  PPh 
— • — DOWANOL  EPh 


Temperature,  X 


DOWANOL  ac-100 
» OOWANOL  flC-200 
— B — DOWANOL  BC-300 
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Table  11.65:  (continued) 


PDumis/Gallon  of  OOWANOL  Pnduds 


Glycol  Ethers 


555 


Table  11.65:  (continued) 


Coefficients  of  Expansion  of  Liquid  DOWANOL  Products 


OOWANOL 

Coefficient  of  Expansion 
(per  X) 

Coefficient  of  Expansion 
(per  “F) 

PM 

0.00100 

0.00056 

DPM 

0 00094 

0 00052 

TPM 

0.00089 

0.00049 

PMA 

0,00097 

0.00054 

DPMA 

0.00100 

0.00056 

PPh 

0.00086 

0.00048 

BC-100 

0.00100 

0.00056 

BC-200 

0 00099 

0 00055 

BC-300 

0.00098 

0.00055 

EB 

0.00086 

0 00048 

OB 

0.00081 

0.00045 

TBH 

0.00079 

0.00044 

DM 

0.00091 

0.00051 

TMH 

0.00079 

0,00044 

EPh 

0.00086 

0.00048 

DALPAD  A 

0 00086 

0,00048 

Density  (g/cm^)  of  Aqueous  Solutions  of  DOWANOL  Products 


(continued) 
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Table  11.65:  (continued) 

Surface  Tensions  of  Aqueous  Solutions  of  DOWANOL  Products 


Volume  % Glycol  Ether  in  Water  Volume  % Glycol  Ether  in  Water  Volume  % Glycol  Ether  in  Water 


f^rcent  By  Weight  Glycol  Ether 
(continued) 


Weight  Percent  Water  n Weight  Percent  Water 


(continued 
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Table  11.65:  (continued) 


Vapor-Liquid  Equilibrium  of  DOWANOL  Products  & Water  (760  mm  Hg) 


1 ) 1 1 1 \ i I I I r 

0 10  20  30  40  50  60  70  80  90  100 


Percem  by  Weight  DOWANOL  Glycol  Ether  in  Liquid  Phase 


Azeotropes  of  DOWANOL  Products 


1 

Boiling 

Azeotropic  Data 

Component  Data 

Point  at 
760  mm  Hg 
for  Pure 
Component 

Boiling  Point 
n:  at  760  mm  Hg 
for  Azeotropo 

Composition 
of  Azootrope 

Component  A 

Component  B 

Wt.%A 

Wt.%B 

DOWANOL  E8 

Water 

171.2 

100 

98.8 

20.8 

79.2 

Bis  (2-chloroethyl) 
Ether 

179.2 

170.8 

75 

25 

Amyl  Ether 

187.5 

169.0 

67 

33 

DOWANOL  PM 

Water 

120.1 

100 

98.3 

51.5 

48.5 

Toluene 

110.7 

106.5 

30 

70 

Rubber  Swell  Pnperflet  of  DOWMOL  IVpdiiitt 


PM 

DPM 

TPM 

EB 

OB 

DM 

Natufdl  Rubber  SweiP 

Average  % Dimension  Change 

6 

7 

9 

21 

11 

2 

Average  % Volume  Change 

21 

26 

29 

92 

32 

7 

Synthetic  Rubber  SweiP 

ChaiHie  hi  LengttH 

Buna  (GR'S) 

8 

12 

12 

20 

11 

1 

Butyl 

6 

9 

7 

15 

7 

-1 

Neoprene 

10 

20 

22 

24 

28 

7 

Change  in  Width* 

Buna  (6R-S) 

7 

11 

13 

26 

14 

4 

Butyl 

3 

7 

6 

16 

10 

3 

Neoprene 

10 

22 

22 

24 

29 

9 

Change  in  Thickness* 

Buna  (GR-S) 

6 

10 

11 

49 

34 

*23 

Butyl 

5 

10 

7 

33 

25 

19 

Neoprene 

42 

59 

58 

60 

69 

48 

Averaffa  % Volmna  Cbanga 

Buna  (GR-S) 

22 

37 

40 

127 

69 

30 

Butyl 

14 

28 

22 

79 

47 

22 

Neoprene 

72 

133 

135 

147 

178 

73 

^ Tests  made  in  manner  specified  lor  hydraulic  fluids  by  SAE 
(Lockhead  Wagner  FC-666-X0  brake  fluid  cups,  120  hours  at  I59f.) 

2 Tests  were  carried  out  using  cured  rubber  strips  measuring  approximately  2 x 1 x 0.11  inch,  120  hours  at  tSfi’f. 

3 Average  % dimension 
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Table  11.65:  (continued) 


Heats  of  Combustion  of  DOWANOL  Glycol 
Ethers 


DOWANOL 

kcal/flurie 

kcal/g 

BTU/ib 

PM 

556 

6.18 

11,115 

DPM 

961 

6.49 

11,700 

TPM 

1.366 

6.62 

11,900 

EB 

646 

7.18 

12,915 

DB 

1,109 

6.84 

12,300 

DM 

670 

5.58 

10,043 

EPh 

958 

6.93 

12,500 

Minimum  Film  Formation  Temperature 
(MFFT)  - Coalescent  Bficiency 

RHOPLEX^  WL  - 91 


Observed  Evaporation  Rates  For 
DOWANOL  EB,  OB,  PPh,  EPh  or  DALPAD  A 


’ Trademark  of  Rohm  & Haas  Company 

2 2,  2, 4>trimethyl'1. 3-pentanediol  monoisobutyfrate 

3 Ethytene  glycol  mono'2-ethylhexyl  ether 


Coupling  Abilities  of  DOWANOL  Glycol  Ethers  and  Alcohols' 


Composition  ot  Titrant,  Volume  % | 

PM 

DPM 

TPM 

EB 

DB 

DM 

sec-butanol 

isobutanol 

n-butanol 

ml  to  couple* 

100 

32,8 

75 

25 

34.2 

50 

50 

37.9 

50 

50 

41.0 

25 

75 

42.1 

100 

42  5 

25 

75 

48.8 

25 

75 

51  0 

50 

50 

58.3 

100 

60  9 

25 

75 

61.8 

50 

50 

63  9 

75 

25 

64.0 

100 

i 

67  0 

100 

71  0 

75 

25 

78  8 

100 

80.0 

75 



25 

82  1 

100 

i 

95.6 

100 

104  6 

100 

230.0 

* Milliliters  ol  product  required  to  titrate  tO  ml  ot  mineral  spirits  and  10  mi  of  water  to  a clear  homogeneous  solution  at  2S°C 


(continued 
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Table  11.65:  (continued) 

Properties  and  Performance  of  DOWANOL  Glycol  Ethers  in  Lacquers 


DOWANOL 

Viscosity  of  8% 
nitrocellulose 
solutions  in 
DOWANOL 
glycol  ethers, 
centistokes 
at  TTF 

Blush  Conditions^ 

Dilution 

Ratios^ 

Kaur|3 

Butanol 

Number 

Blush  Conditions 

No  Blush  Conditions 

Toluene 

Naphtha 

% Relative 
Humidity 

Ihmperature 

% Relative 
Humidity 

Temperature 

PM 

74.18 

61 

82 

56 

DPM 

158.76 

90 

82 

85 

82 

4.2 

0.8 

Above 

500 

TPM 

407.16 

95 

82 

90 

82 

3.1 

0.7 

Above 

500 

EB 

160.92 

95 

82 

90 

82 

5.2 

2.2 

Above 

500 

DB 

229.32 

No  blush  at  95%  rel.  hum.  and  84®F  after  one  hour 

6.5 

1.9 

Above 

500 

DM 

149.05 

61 4 

82 

56^ 

82 

4.6 

Immis- 

cible 

Above 

500 

^ Blush  resistance  tests  were  carried  out  by  spraying  a solution  of  9Z%  OOWANOL  glycol  ether  and  8%  nitrocellulose  on  a 6"  x 24"  glass  plate  from  a distance  of  eight 
inches,  30-40  pounds  air  pressure  was  used  and  30  minutes  drying  time  allowed. 

2 Dilution  ratios  were  determined  by  dissolving  2 g of  dried  nitrocellulose  in  20  mi  of  DOWANOL  gjycoi  ether  and  adding  toluene  or  naphtha  until  the  nitrocellulose 
precipitated.  The  volume  of  toluene  or  naphtha  required  divided  by  20  was  taken  as  the  dilution  ratio. 

3 Kauri  Butanol  numbers  are  determined  by  adding  the  material  being  checked  to  20  ml  of  Kauri  Butanol  reagent  until  10  point  type  can  no  longer  be  read  through  the 
solution.  The  number  of  ml  of  material  required  to  reach  the  endpoint  is  recorded  as  the  Kauri  Butanol  number.  With  all  DOWANOL  glycol  ether  products  tested,  500  ml 
were  added  to  the  reagent  without  the  endpoint  being  reached. 

< OOWANOL  DM  glycol  ether  seemed  to  be  quite  deliquescent. 


Solubility  of  Resins  in  DOWANOL  Products 


Resin  Solubility^ 


COMPOUND 

PM 

DPM 

TPM 

PMA 

OPMA 

PPh 

EB 

OB 

OM 

EPh 

Acrylic  Acryloid’  B-66 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Acryloid  B-72 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Acryloid  B-82 

• 

• 

• 

• 

• 

• 

• 

Elvacite^  2010 

• 

*■ 

■ 

• 

*■ 

★ 

o 

0 

★ 

Epoxy  D E R.*  651 

• 

• 

• 

• 

• 

• 

• 

• 

• 

D.E  R.  657 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Melamine  CymeP  303 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Isocyanate  Desmodur^  N100 

•7 

•? 

• 

• 

•7 

•? 

• 7 

• 7 

Nitrocellulose  R.S  V?  sec 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

R.S.  Vi  sec 

• 

• 

• 

• 

• 

W 

• 

• 

• 

■ 

Alkyd  Cargill  5710 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Polyester  Cargill  5781 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chempots  11-2339 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Cellulosic  CAP-482-0.5 

• 

★ 

■ 

• 

• 

• 

■ 

• 

• 

CA8-381-2 

• 

■ 

. 

• 

• 

o 

C 

• 

• 

Phenoxy  UCAR«  PKHC 

• 

• 

• 

1 

• 

• 

• 

• 

• 

i 

Vinyl  UCAR  VYHH 

0 

c 

• 

■ 

■ 

o 

o 

■ 

r METHOD  SotuOiiiiy  observaitons  were  made  after  0.5  g resm 
and  1 5 ml  solvent  were  agitated  tor  24  hours. 


Soluble 

Partially 

dissolve! 


soluble,  some  un- 
gel  parttcles 


■ Partially  soluble,  many  un- 
dissoived  gel  particles 
O Insoluble 


(continued) 
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Table  11.65:  (continued) 

OOWANOL  Glycol  Ethers  Used  in  Cleaning  Formulations 


DOWANOL  Glycol  Ether 


CLEANER 

P-Series  ! 

ESeries 

PM 

DPM 

TPM 

PPb 

EB 

DB 

DM 

EPh 

Househoid/lndustrial  Cleaners 
Glass  Cleaners 

• 

• 

• 

Liquid  Soaps 

• 

• 

Dry  Cleaning  Soaps 

• 

• 

• 

• 

Rug  Cleaners 

• 

• 

• 

• . 

Spotting  Fluids 

• 

• 

• 

— 

Phosphoric  Acid  Rust  Removers 

• 

• 

• 

• 

• 

• 

Aluminum  Brighleners 

• 

• 

• 

• 

• 

Metal  Cleaners 

• 

• 

• 

• 

Carbon  and  Grease  Removers 

• 

• 

• 

Paint/Varnish/ 
Silicone  Removers 

• 

• 

• 

• 

• 

• 

• 

• 

Ink  Removers 

• 

• 

• 

• 

Hard  Surface  Cleaners 

• 

• 

• 

• 

■ 

Oven  Cleaners 

• 

• 

• 

• 

Penetrating  Oils 

• 

• 

White  Wall  Tire  Cleaners 

• 

• 

Disinfeclanls/Germicides 

• 

• 

L_!_ 

• 

DOWANOL  Glycol  Ethers  Acceptable  as  Inert  Ingredients  in  Pesticide  Formulations  40  CFR  180.1001,  (d)  & (e) 

Inert  Ingredient  [ Uses  


(d)  Pesticide  formulations  applied  to  growing  crops  only: 


DOWANOL  PM 

Solvent. 

DOWANOL  DPM 

Stabilizer. 

DOWANOL  EB 

Solvent,  co-solvent. 

DOWANOL  08 
DOWANOL  DM 

Deactivator  for  formulations  used  before  crop  emerges  from  soil:  stabilizer. 

(e)  Pesticide  formulations  applied  to  animals; 


DOWANOL  PM 

Deactivator,  emollient. 

DOWANOL  DPM 

Surfactants,  related  adjuvants  of  surfactants. 

Evaporation  Rate  Program  Plot  Format 


CHEMCOMP:  Evaporation  RateJ^ram 


Typical  Printout  from  Rash  Point  Estimator 

CHEMCOMP:  Rash  Point  Estimator 

Binary  Rash  Point  Curve 


(k»KenlraBono(Sol«ntA(WI.%)  (continued) 
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Table  11.65:  (continued) 


lyplcal  Printout  of  Evaporation  Rate  Program 

DOW  CHEMICAL  U.S.A.  SOLVENT  EVAPORATION  RATE  PROGRAM 

CASE  1 - SOLVENTS  AND  COMPOSITIONS 


CODE 

SOLVENT  NAME 

I COMPOSITION 

MOLE%  I 

WEIGHT% 

VOLUME% 

PM 

DOWANOL  PM  GLYCOL  ETHER 

51.10 

50.00 

48.37 

E8 

OOWANOL  E8  GLYCOL  ETHER 

22.27 

28.57 

28.21 

NBOH 

N-BUTYL  ALCOHOL 

26.63 

21.43 

23.43 

HjO 

WATER 

0.00 

0.00 

0.00 

CODE 

SOLVENT  NAME 

T90 

(SEC) 

RELATIVE 

RATE 

fp 

(•F) 

DENS 

(Q/CC) 

COST 

(S/LB) 

PM 

DOWANOL  PM  GLYCOL  ETHER 

669. 

0.699509 

100. 

0.916 

0.00 

EB 

OOWANOL  EB  GLYCOL  ETHER 

6095. 

0.076770 

143. 

0.898 

0.00 

NBOH 

N-BUTYL  ALCOHOL 

1064. 

0.439783 

97. 

0.811 

0.00 

H2O 

WATER 

1490. 

0.314038 

0.997 

0.00 

ESTIMATED  PROPERTIES  FOR  THE  INITIAL  BLEND 


DENSITY  AT  25X.G/CC 

0.888 

CLOSED  CUP  PUSH  POINT/F 

103. 

SOLUBILITY  PARAMETER.  SORT  (CAL/CC) 

10.4 

HYDROGEN  BONDING,  RELATIVE  TO  ISOOCTANE  = 0 

16.4 

DIPOLE  MOMENT.  DEBYE 

1.7 

90%  EVAPORATION  TIME.  SECONDS 

3910.42 

RATE  RELATIVE  TO  NBAC  AT  90%  EVAPORATED 

0.119657 

DATA  SUMMARY -INITIAL  AND  AIR  TEMP  = ES-OOX,  REL  HUMIDITY  60.00% 
0.35%  OF  SOLtSNT  LOST  DURING  SAMPLE  INJECTION  TIME  OF  8.00  SECONDS 


1 

% EVAP 

0.0 

15.0 

30.0 

45.0 

60.0 

75.0 

90.0 

SECONDS 

0. 

264. 

635. 

1046. 

1522. 

2226. 

3910. 

REL  RATE 

0.00 

0.30 

0.25 

0.22 

0.20 

0.18 

0.12 

FP(F) 

104. 

125. 

134. 

142. 

150. 

161. 

165. 

WT%  PM 

49.69 

39.75 

34.43 

29.34 

21.12 

5.21 

0.00 

WT%  EB 

28.65 

32.69 

38.46 

47.08 

60.89 

83.44 

89.97 

I 

WT%  NBOH 

21.33 

16.40 

imou 

7.67 

|[|||Q^ 

0.35 

WT%  HjO 

0.33 

11.16 

15.92 

■u 

SELECT  PLOT  OPTION 
1 = NO  MORE  PLOTS 


2 = LINE  PRINTER  PLOTS 


3 = PEN  PLOTS 


(continued) 
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Table  11.65:  (continued) 

lyplcal  Printout  of  Solvent  Blend  Program 
file  calculatod  values  for  this  solvont  blond  are: 


• Solubility  Parameter 8.74 

• Hydrogen  Bonding  Parameter  5.62 

• Dipole  Moment 1.08 

Limits  chosen  for  search  are  as  follows; 

• Solubility  Parameter 8.60  to  8.88 

• Hydrogen  Bonding  Parameter  5.50  to  5.80 

• Dipole  Moment 0.95  to  1 .50 


You  have  specified  111  solvents  to  be  included  in  the  search  for  a blend  containing  3 components,  one  of 
which  is  PMA. 


BLEND 

# 

SOL. 

PARAM. 

Ht 

BOND. 

DIPOLE 

MOMENT 

SOLV.  #1 

wry. 

SOLV.  #2 
WT% 

SOLV.  #3 
WT% 

1 

8.79 

5.56 

1.12 

ACET  5 

CHEX  35 

2 

8.70 

5.53 

1.42 

HdSESli 

ACET  25 

HEPT  30 

3 

8.65 

5.59 

1.35 

PMA  50 

ACET  20 

HEPT  30 

4 

8.60 

5.65 

PMA  55 

ACET  15 

HEPT  30 

5 

8.61 

5.62 

1.44 

ACET  25 

ISOE  30 

6 

8.67 

5.70 

ACET  25 

IS0G30 

7 

8.62 

5.76 

1.40 

PMA  50 

ACET  20 

ISOG  30 

8 

8.64 

1.47 

PMA  45 

ACET  25 

ISOH  30 

FOUND  too  BLENDS  THAT  MEET  LIMITS  OUT  OF  119,308  CHECKED. 

lyphal  Printout  of  VOC  Program  Calculations 

VOC  Calculations 

FORMULATION;  Epoxy  Modified  Acrylic 
COMMENTS;  Bake  Schedule;  350°F,  10  Min. 

TYPE  OF  CALCULATIONS;  Dispersion 


DENSITY 

1 FORMULA 

1 SOLIDS 

1 VOC 

MATERIAL 

LB/GAL 

LB 

GAL 

LB 

GAL 

LB 

GAL 

TITANIUM  DIOXIDE 

34.72 

95.5 

2.75 

95.5 

2.75 

— 

— 

ACRYLOID'  AT-400 

8.60 

— 

— 

— 

— 

— 

— 

METHYL  AMYL  KETONE 

6.77 

15.8 

2.33 

— 

— 

15.8 

2.33 

RESIN  SOLID 

9.45 

47.4 

5.02 

47.4 

5.02 

— 

— 

DER*  661  EPOXY  RESIN 

9.90 

— 

— 

— 

— 

— 

RESIN  SOLID 

9.90 

15.5 

1.57 

15.5 

— 

DOWANOL  PM 

7.56 

28.0 

3.70 

— 

— 

28.0 

3.70 

DOWANOL  DPM 

7.91 

6.7 

— 

— 

6.7 

0.85 

CYMEL2  370 

9.80 

— 

— 

— 

— 

— 

— 

ISO-BUTANOL 

6.68 

4.6 

— 

— 

4.6 

0.68 

RESIN  SOLID 

10.47 

33.5 

mom 

33.5 

3.20 

— 



Totals 

12.29 

247.0 

HQQJIIII 

191.9 

12.53 

55.1 

7.57 

VOC  = 2.74  LB/GAL  328.25  G/L 

* Trademark  of  The  Dow  Chemical  Company 
^ Trademark  of  Rohm  & Haas  Company 

* Trademark  of  American  Cyanamni  Company 


(continued) 
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Table  11.65:  (continued) 


(kMiplIng  Perfonnancet  of  DOWANOL  Glycol  Ethers 
(Com  Oil  and  Water) 


tVolume  of  glycol  ether  required  to  titrate  lOml  of  com  oil  and  10ml  of  water  to  a homogeneous  solution  at  25T.. 


Coupling  Performancef  of  DOWANOL  Glycol  Ethers 
(Soybean  Oil  and  Water) 


tVolume  of  glycol  ether  required  to  titrate  10ml  of  soybean  oil  and  lOml  of  water  to  a homogeneous  solution  at  25^. 


Coupling  Perfbmumoet  (Mineral  Spirits  and  Water) 

200-1 


146.6 


DB  PnB  1:1  PnB/DPM  DPM  1:1  DPnB/ DPM  DPnB 


tVolume  of  solvent  required  to  titrate  lOml  of  mineral  spirits  and  lOmi  of  water  at  25“C  to  obuin  a 
homogeneous  solution. 


Coupling  Perfonnancet  (Mineral  Spirtts  and  Water) 


tVolume  of  solvent  required  to  titrate  10ml  of  mineral  spirits  and  10ml  of  water  at  25*C  to  obtain  a 
homogeneous  solution. 


(continued) 
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t Relative  to  Latex  Solide  Wt.%  Coalescent  Relative  to  Latex  Solids 


Sward  Hardness  Rocker  Number  X2 


Hardness  Development  Rate  (Using  Rhoplex  WL-91) 

40n 


l>uH  i:n  Dl’nB  l)H  I'l’li  I'l'h  Tl’lli 

□ I HR  ■ 3 MR 

S]  6 HR  ■ 24  HK 


(continued) 
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Table  11.65:  (continued) 


Comparative  Metabolism  and  Disposition  of  Ethylene  Glycol 
Methyl  Ether  and  DOWANOL  PM  Propylene  Glycol  Methyl  Ether 

egme’ 


Expired  Air  Urine 

(10-20%)  (50-60%) 

PGME^ 


Metabolism  and  Disposition  of  DOWANOL  PMA  Propylene  Glycol 
Methyl  Ether  Acetate 


PGMEA’ 


CH3OCH2CHOH 

/gIuco-  \ \ 

' ionide  Propylene\ 
Conjugate  Glycol  \ 

Sufate  A 
Conjugate  / CO2 

1 i / \ 

Urine  Ex 
(10-20%) 


\ Prapyfene  glycoi  methyl  ether  icetate 
* Propylene  glycol  methyl  ether 
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Table  11.65:  (continued) 


Glycol  Ether  Toxicity  Summary 


Exposure 

Type  of  Study 

Species 

Level 

Effects 

Propylene  Glycol  Monomethyl  Ether  (PM) 


90-day  subchronic  inhalation  study 

Rats 

Rabbits 

3000  ppm 

CNS  depression  and  slight 
liver  weight  increase 

1000  ppm 

NOEL 

Inhalation  teratology  studies 

Rats 

3000  ppm 

Maternal  toxicity 
(slight  CNS  depression, 
decreased  food  consumption): 
slight  tetotoxicity 

1500  ppm 

NOEL 

Rabbits 

3000  ppm 

Maternal  toxicity 
(decreased  food  consumption) 

1500  ppm 

NOEL 

Dipropylene  Glycol  Monomethyl  Ether  (DPM) 


90-day  subchronic  inhalation  study 

Rats 

Rabbits 

200  ppm 
50  ppm 
15  ppm 

No  treatment-related 
effects  at  any  level 

Inhalation  teratology  study 

Rats 

300  ppm 

No  treatment-related 

Rabbits 

150  ppm 
50  ppm 

effects  at  any  level 

4-week  dermal  study 

Rats 

1000  mg/kg 
1 00  mg/kg 

No  treatment-related 
effects 

Tripropylene  Glycol  Monomethyl  Ether  (TPM) 


Dermal  90-day  subchronic  study 

Rabbits 

10  ml/kg 
4 ml/kg 
3 ml/kg 
1 ml/kg 

Mortality  at  high  dose; 
narcosis  at  lower  doses; 
mild  skin  irritation 

Inhalation  teratology  study 

Rats 

Aerosols  of 

Maternal  toxicity  at  high  dose; 

1.0  mg/L 

embryo/fetotoxicity 

0.3  mg/L 

and  teratogenicity 

0.1  mg/L 

NOEL=1.0  mg/L 

Propylene  Glycol  Monomethyl  Ether  Acetate  (PMA) 


Inhalation  9-day  subacute  study 

Rats 

Mice 

3000  ppm 
1000  ppm 
300  ppm 

Mild,  high-dose  liver  effects 
similar  to  those  seen  with 
DOWANOL  PM;  evidence 
of  upper  respiratory  tract 
Irritation  in  all  exposures  in 
mice  and  high  exposure  in  rats 

Inhalation  teratology  study 

Rats 

4000  ppm 

Embry  o/fetotoxity 

and  teratogenicity  ‘ 

400  ppm 

NOEL=4000  ppm  slight 

maternal  toxicity 

Dipropylene  Glycol  Monomethyl  Ether  Acetate  (DPMA) 


No  subchronic,  teratogenicity,  or  reproductive  studies  have  been  conducted.  However,  this  compound  is  likely  to  rapidly  and 
completely  convert  to  dipropylene  glycol  monomethyl  ether  after  absorption  into  the  body.  Thus,  its  systemic  toxicity  would  be 
expected  to  be  similar  to  dipropylene  glycol  monomethyl  ether.  


Propylene  Glycol  n-Butyl  Ether  (PnB) 


13-week  subchronic  dermal  study 

Rabbits 

2 ml/kg/day 

Skin  effects  at  all  levels: 

of  57%  soln. 

no  systemic  effects  at 

5.7%  soln. 

any  level 

0.57%  soln. 

(continued) 
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Table  11.65:  (continued) 


Type  of  Study 

Species 

Propylene  Glycol  n-Butyl  Ether  (PnB) 


1 3*week  subchronic  dermal  study 

Rats 

1 ml/kg/day 
(880  mg/kg/day) 
0.3  ml/kg/day 
0.1  ml/kg/day 

Minor  skin  effects  at  ail 
levels:  no  systemic  effects 
at  any  level 

13-week  subchronic  oral  study 

Rats 

1000  mg/kg 
350  mg/kg 
100  mg/kg 

Increased  liver  and  kidney 
weights  at  1000  mg/kg 
NOEL=350  mg/kg 

Dermal  teratology  study 

Rats 

1 ml/kg/day 
0.3  ml/kg/day 

No  embryo/fetotoxicity  or 
teratogenicity  at  any  level 

Rabbits 

100  mg/kg/day 
40  mg/kg/day 
10  mg/kg/day 

No  embryo/fetotoxicity  or 
teratogenicity  at  any  level 

DIpropylene  Glycol  n-Butyl  Ether  (DPnB) 


13-week  subchronic  diet  study 

Rats 

1000  mg/kg/day 

Slight  effects  to  body  weights, 
clinical  chemistries,  and  liver 
weights 

450  mg/kg/day 

Capacity  changes; 

not  considered  toxic  effects 

200  mg/kg/day 

NOEL 

1 3-week  subchronic  dermal  study 

Rats 

1 ml/kg/day 

Skin  effects;  effects  to  body 
weights,  food  consumption, 
and  liver  weights 

0.3  ml/kg/day 

Effects  to  body  weights  and 
food  consumption 

0.1  ml/kg/day 

NOEL  for  systemic  effects 

Dermal  teratology  study 

Rats 

1 ml/kg/day 
0.3  ml/kg/day 
0.1  ml/kg/day 

Minor  maternal  skin  effects 
at  all  levels;  no  embryo/fetotoxi- 
city or  teratogenicity  at  any  level 

Propylene  Glycol  Monophenyl  Ether  (PPh) 


28-day  subchronic  dermal  study 

Rats 

1000  mg/kg 

No  evidence  of  systemic  toxicity 

300  mg/kg 

(NOEL=1000  mg/kg);  mild,  tran- 

100 mg/kg 

sient  dermal  irritation  at  all  doses 

Ethylene  Glycol  Monobutyl  Ether  (EB) 


90-day  subchronic  inhalation  study 

Rats 

77  ppm 

Blood  effects 

25  ppm 

NOEL 

90-day  subchronic  dermal  study 

Rabbits 

150  mg/kg 
50  mg/kg 
10  mg/kg 

No  treatment-related 
effects  at  any  level 

Teratology  studies 

Rats 

300  ppm 

Maternal  and  embryo  lethality 

200  ppm 
100  ppm 

Maternal  toxicity,  embryo 
toxicity,  fetotoxicity 

50  ppm 

NOEL 

Rabbits 

200  ppm 

Maternal  toxicity,  embryo  toxicity 

100  ppm 

NOEL 

Oiethylene  Glycol  Mono-n-Butyl  Ether  | 

[OB) 

90-day  subchronic  dermal  study 

Rats 

2000  mg/kg 
666  mg/kg 

Slight  hemoglobinuria 

200  mg/kg 

NOEL 

90-day  subchronic  reproduction  study 

Rats 

2000  mg/kg 
666  mg/kg 
200  mg/kg 

No  reproductive 
effects  at  any  level 

(continued) 
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Table  11.65:  (continued) 


Type  of  Study 

Species 

Exposure 

Level 

Effects 

Diethylene  Glycol  Mono-n-Butyl  Ether 

(DB) 

Dermal  teratology  study 

Rabbits 

1000  mg/kg 

NOEL  for  embryo  toxicity 
and  fetotoxicity 

90-day  subchronic  neurotoxicity  study 

Rats 

2000  mg/kg 

NOEL 

Triethyiene  Glycol  Mono-n-Butyl  Ether  and  Higher  Homologs  (TBH) 


Note:  Toxicity  tests  described  below  have  been  conducted  only  with  triethylene  glycol  mono-n-butyl  ether. 


3-week  dermal  study 

Rabbits 

1000  mg/kg 

Skin  irritation;  no  systemic 
toxicity 

Oral  deveFopmental  toxicity  screen 

Rats 

1000  mg/kg 
250  mg/kg 

No  treatment-related 
effects 

Diethylene  Glycol  Monomethyl  Ether  (DM) 


90-day  subchronic  inhalation  study 

Rats 

216  ppm 

No  treatment-related 

100  ppm 
30  ppm 

effects  at  any  level 

Dermal  teratology  study 

Rabbits 

750  mg/kg 

Maternal  toxicity;  slightly 
embryotoxic  and  fetotoxic 

250  mg/kg 

Slightly  fetotoxic 

50  mg/kg 

NOEL 

Triethylene  Glycol  Monomethyl  Ether  and  Higher  Homologs  (TMH) 


Note:  Toxicity  tests  described  below  have  been  conducted  only  with  triethylene  glycol  monomethyl  ether. 


90-day  oral  subchronic  study 

Rats 

i 

4000  mg/kg 
1200  mg/kg 
400  mg/kg  ' 

NOEL  for  neurotoxicity 
4000  mg/kg;  NOEL  for 
systemic  toxicity  400  mg/kg 

90-day  dermal  subchronic  study 

Rats 

4000  mg/kg 
1200  mg/kg 
400  mg/kg 

NOEL  4000  mg/kg 

Oral  teratology  study 

Rats 

5000  mg/kg 
2500  mg/kg 
1250  mg/kg 
625  mg/kg 

Slight  variations  in  fetal 
skeletons  at  1250  mg/kg; 
fetal  NOAEL  1250  mg/kg 

Oral  teratology  study 

Rabbits 

1500  mg/kg 
1000  mg/kg 
500  mg/kg 
250  mg/kg 

Fetal  NOAEL  1500  mg/kg 

Oral  developmental  neurotoxicity  study 

Rats 

3000  mg/kg 
1650  mg/kg 
300  mg/kg 

Neurotoxicity  NOEL 
1650  mg/kg;  developmental 
NOEL  300  mg/kg 

Ethylene  Glycol  Monophenyl  Ether  (EPh) 


90-day  subchronic  dermal  study 

Rabbits 

500  mg/kg 
150  mg/kg 
50  mg/kg 

Minor  skin  effects;  no  evidence 
of  systemic  toxicity  at  any  level 

Dermal  teratology  study 

Rabbits 

1000  mg/kg 
600  mg/kg 
300  mg/kg 

Maternal  death  at  high  dose, 
maternal  toxicity  at  600  mg/kg; 
no  embryo/fetotoxicity  or 
teratogenicity  at  any  level 

Oral  5-week  reproduction  study 

Mice 

2000  mg/kg 
1000  mg/kg 
500  mg/kg 

No  reproductive  effects 
at  any  level 

NOEL:  No  Observed  Effect  Level 
NOAEL;  No  Observed  Adverse  Effect  Level 


(continued) 
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Table  11.65:  (continued) 

Exposure  Guidelines  for  DOWANOL  Glycol  Ethers  and  Acetates 


DOWANOL 

CHEMICAL  NAME 

0SHA2 

Standard 

ACGIH3 

TLV< 

Dow  Internal 
industrial 
Hygiene  Guide 

P-Series 

PM 

Propylene  glycol  methyl  ether 

100  ppms 

100  ppm 

NE 

DPM 

Dipropylene  glycol  methyl  ether 

100  ppm5  (skin)® 

100  ppm 

NE 

PMA 

Propylene  glycol  methyl  ether  acetate 

nu 

NE 

NE 

E-Series 

EB 

Ethylene  glycol  n-butyl  ether 

25  ppm®  (skin) 

25  ppm  (skin) 

NE 

OB 

Diethylene  glycol  n-butyl  ether 

NE 

NE 

35  ppm 

OM 

Diethylene  glycol  methyl  ether 

NE 

NE 

30  ppm 

EPh 

Ethylene  glycol  phenyl  ether 

NE 

NE 

25  ppm  (skin) 

Environmental  Data  for  DOWANOL  Products 


DOWANOL 

COO( 

part/part) 

BOD/theory  %3 

Theory^ 

K2Cr207^ 

5 days 

10  days 

20  days 

P-Series 

PM 

1.95 

1.84 

0 

22 

58 

DPM 

2.06 

2.02 

0 

0 

31 

TPM 

2.09 

2.02 

0 

1 

52 

PMA 

1.82 

1.74 

20 

57 

62 

DPMA 

1.94 

1.98 

2 

28 

62 

PPh 

2.30 

2.26 

3 

37 

52 

E-Series 

EB 

2.30 

2.21 

5 

57 

72 

DB 

2.17 

2.06 

2 

13 

47 

TBH 

2.10 

2.02 

0 

5 

24 

DM 

1.73 

1.66 

0 

21 

66 

TMH 

1.76 

1.75 

0 

14 

23 

EPh 

2.18 

2.12 

2 

71 

80 

DAIPAO  A 

2.18 

2.12 

2 

71 

80 

' Theoretical  Oxygen  Demand  (ThOO)  calculated  for  complete  oxidation  to  carbon  dioxide  and  water. 

2 Chemical  Oxygen  Demand  (COD)  determined  by  oxidation  with  acidic  dichromate. 

3 Biochemical  Oxygen  Demand  (BOO)  expressed  as  a percentage  of  Theoretical  Oxygen  Demand.  A BOD  20  of  >50%  indicates  the  product  will  be  largely  removed  in 
a biological  wastewater  treatment  plant.  A BOD  20  of  10-50%  indicates  it  will  be  partially  removed. 
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Table  11.65:  (continued)  Additive  Statue  of  DOWANOL  Glycol  Ethers 


Regulation 
Number 
(21  CFR) 

Title 

PM 

0PM 

TPM 

EB 

DB 

DM 

EPh 

181.30 

Substances  used  in  the  manufacture  of  paper 
and  paperboard  products  used  in  food 
packaging  (prior  sanctioned  food  ingredients). 

• 

• 

• 

176.300 

Stimicides  (for  use  in  the  manufacture  of  paper 
and  paperboard).  Adjuvant  substances 
permitted  to  be  used  in  the  preparation  of 
slimicides. 

• 

• 

• 

• 

• 

176.210 

Defoaming  agents  used  in  the  manufacture 
of  paper  and  paperboard. 

• 

175.105 

Adhesives. 

• 

• 

• 

• 

• 

• 

• 

178.1010 

Sanitizing  solutions.  Paragraph  (a)(4);  an 
aqueous  solution  containing  iodine,  butoxy 
monoether  of  mixed  (ethylene-propylene) 
polyalkylene  glycol  having  a cloud  point  of 
gO^C-100*^  in  0.5%  aqueous  solution  and  an 
average  molecular  weight  of  3300,  ethylene 
glycol  monobutyl  ether,  and  diethylene  glycol 
monoethyt  ether,  together  with  components 
generally  recognized  as  safe. 

• 

176.180 

Components  of  paper  and  paperboard  in 
contact  with  dry  food. 

• 

177.1650 

Polysulfide  Polymer- Polyepoxy  resins. 
Paragraph  (a)(3):  for  use  as  a solvent. 

! 

• 

173.315 

Chemicals  used  in  washing  or  to  assist  in  the 
lye  peeling  of  fruits  and  vegetables.  Paragraph 
(a)(3):  for  use  in  flume  water  for  washing  sugar 
beets  prior  to  the  slicing  operation  (not  to 
exceed  1 ppm  in  the  flume  water). 

• 

NOTE;  This  information  is  for  use  as  a general  guideline.  The  regulations  should  be  consulted  for  complete  details 


Determining  the  Amount  of  Contents  of  Partially  Filled  Drums 

Vertical  Vertical 


Horizontal 
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Remaining  Gallons 


Product  Shelf  Life 


Product/ Shell  Life 

Lot  Number 
System 

Conditions  of 
Temperature  and  Storage 

Deterioration 

Characteristics 

DOWANOL  PM,DPM,TPM, 
EB,  DB,  DM  glycol  ether 
products 

18  months -Drums 
6 months  - Bulk 

Standard 

Normal  conditions -Store  below  90‘^F. 
Material  is  hygroscopic;  should  be  in 
closed  containers. 

Aluminum  containers  should  be  avoided. 

Lowering  of  pH  - possible  rise 
in  color  on  prolonged 
standing. 

DOWANOL  PPh,  EPh 
glycol  ether  products 

18  months -Drums 
6 months -Bulk 

Standard 

Store  below  1 10‘’F. 

Aluminum  containers  should  be  avoided. 

Develops  yellow  color. 

Remaining  Gallons 


PRESSURE-mm  Hg  PRESSUHE-mm  Ng 


574  Industrial  Solvents  Handbook 


Table  11.66:  GLYME  Azeotropic  Vapor  Pressure  and  Solubtlity  Data  (21) 


AZEOTROPIC  DAIA 


MONOGLYME 

Bolting  point  at  760  mm  Hg— 76^C 
100  mm  Hg-30°C 


ETHYL  GLYME 

Boiling  point  at  760  mm  Hg— 90^C 
100  mm  Hg-46°C 
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Boiling  point  at  760  mm  Hg  — 98^C 
100  mm  Hg  — 54^C 
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PERCENT  WATER 


’3uiyl  Digtyme,  Tngiyme,  and  Tetraglyme  do  not  form  azeotropes  with  water. 
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Table  11. 66^  (continued) 


POlYMERSOLUnUTY 


The  salut)»litv  vftrious  plitiic  snd  eka$iofri«fkC 
malenftla  in  determined  dy  placing  10  grarns 

o(  sample  m lOOmi  of  ih«  giyme  at  2i®C.  The  samples 
viere  eiiaFTimed  alter  one  wee^ 

U-umtIecied 

Altack&d  (rioliceable  soltehing.  some  ewellingt 
M- Soiiible  I or  more,  extreme  swelhnn  la 
oeiieiion) 


PLASTICS 

Acrylate 
Acrylate  esiyr 
Polymerhyl  melhacfylale 

Vinyf 

Polyvtnyl  acelale 
Pofy vinyl  chloride 
Chiorinyied  polyyjnyfchJOrjde 
Polyvinyl  chloride  aceiais 
Pofyvinyl  alcohol 
Polyvinylidene  chiorjde 

Cellulose 
Cellulose  rioerale 
Cekluigso  acetata  hulyrale 
Cellulose  nilraia 
Meihyl  cellulose 

Condensatton  Paiymefs 
Phenol  formaldehyde  cas( 
Nylon 
Polyester 
Poiyoiferhane 
Polycarboriale 

Polyolefins 

Poivelhylene 

Polystyrene 

PotvleltalluoroelOiylene 

ELASTOMERS 

Neoprene 


^/yfAy 


^ y.s  y.y^y 


Niff  lie  flgbDer  (N6R} 
NaJuraJ  Rubner 


WORI 


4U  44  H TO  « VCl  IDfi 

ttl4PEnATUIti-*C 
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Table  11.67:  Union  Carbide  Glycol  Ethers  (19) 
Product  Family  Order 


Solvent 

Formula 

Molecular 

Weight 

Boiling 
Point  ®C 

Freezing 
Point  "C 

Flash 
Point,  °F<*J 

Vapor 
Pressure, 
mm  Hg 
at  20“C 

Methyl  CELLOSOLVE  Solvent 

76.1 

124.5 

-85 

103 

6.2 

Methyl  CARBITOL  Solvent 

120.2 

194.0 

-85 

188W> 

0.1 

Methoxytriglycol 

164.2 

249.0 

-AA 

238(d) 

<0.01 

CELLOSOLVE  Solvent 

90.1 

134.9 

-90 

108 

4.1 

CARBITOL  Solvent 

134.2 

201.6 

-78‘^’ 

182'd) 

0.08 

Ethoxytriglycol 

178.2 

255.9 

-19 

255 

<0.01 

Propyl  CELLOSOLVE  Solvent 

104.2 

150.1 

-90 

135(d) 

1.6 

Butyl  CELLOSOLVE  Solvent 

118.2 

171.2 

-70 

160(d) 

0.6 

Butyl  CARBITOL  Solvent 

162.2 

230.6 

-68 

214 

0.01 

Butoxytrigiycoi 

206.3 

279.8<'> 

-48 

276(d) 

<0.01 

Hexyl  CELLOSOLVE  Solvent 

146.2 

208.1 

-50 

179 

0.05 

Hexyl  CARBITOL  Solvent 

190.3 

259.1 

-40 

271(d) 

<0.01 

Boiling  Point  Order 


Methyl  CELLOSOLVE  Solvent 

76.1 

124.5 

-85 

103 

6.2 

CELLOSOLVE  Solvent 

90.1 

134.9 

-90 

108 

4.1 

Propyl  CELLOSOLVE  Solvent 

104.2 

150.1 

-90 

135(d) 

1.6 

Butyl  CELLOSOLVE  Solvent 

118.2 

171.2 

-70 

160(d) 

0.6 

Methyl  CARBITOL  Solvent 

120.2 

194.0 

-85 

188(d) 

0.1 

CARBITOL  Solvent 

134.2 

201.6 

-78‘^) 

182(d) 

0.08 

Hexyl  CELLOSOLVE  Solvent 

146.2 

208.1 

-50 

179 

0.05 

Butyl  CARBITOL  Solvent 

162.2 

230.6 

-68 

214 

0.01 

Methoxytriglycol 

164.2 

249.0 

-44 

238(d) 

<0.01 

Ethoxytriglycol 

178.2 

255.9 

19 

255 

<0.01 

Hexyl  CARBITOL  Solvent 

190.3 

259.1 

-40 

271(d) 

<0.01 

Butoxytrigiycoi 

206.3 

279.8(®) 

-48 

276(d) 

<0.01 

Product  Family  Order 


Solubility  at  Surface  Tension 


Specific 

Gravity, 

20/20^C 

Pounds 

Per 

Gallon 

Coefficient 

of 

Expansion 

at20"C 

20‘’C,%bywt 

Relative 

Evaporation 

Rate 

(nBuAc=  100) 

at  25*C,  dynes/cm 

Solvent 

In 

Water 

Water 

In 

Neat 

Product 

25%  Aq. 
SolutionC*) 

Methyl  CELLOSOLVE  Solvent 

0.966 

8.04 

0.00094 

100 

100 

62 

32.1 

54.3 

Methyl  CARBITOL  Solvent 

1.023 

8.51 

0.00086 

100 

100 

1.5 

35.9 

54.3 

Methoxytriglycol 

1.050 

8.74 

0.00084 

100 

100 

0.04 

34.7 

48.4 

CELLOSOLVE  Solvent 

0.931 

7.74 

0.00097 

100 

100 

41 

29.4 

47.1 

CARBITOL  Solvent 

0.991 

8.25 

0.00090 

100 

100 

1.3 

35.2 

49.6 

Ethoxytriglycol 

1.025 

8.53 

0.00086 

100 

100 

0.04 

32.2 

45.7 

Propyl  CELLOSOLVE  Solvent 

0.913 

7.60 

0.00095 

100 

100 

21 

26.3 

32.3 

Butyl  CELLOSOLVE  Solvent 

0.902 

7.50 

0.00092 

100 

100 

7.8 

28.6 

28.9 

Butyl  CARBITOL  Solvent 

0.954 

7.94 

0.00088 

100 

100 

0.24 

31.0 

33.2 

Butoxytrigiycoi 

0.989 

8.19 

0.00085 

100 

100 

<0.1 

30.0 

32.2 

Hexyl  CELLOSOLVE  Solvent 

0.889 

7.40 

0.00086 

1.00 

18.80 

0.82 

30.3 

28.5(5) 

Hexyl  CARBITOL  Solvent 

0.935 

7.78 

0.00084 

3 

56.30 

0.03 

29.2(f) 

— 

Boiling  Point  Order 

Methyl  CELLOSOLVE  Solvent 

0.966 

8.04 

0.00094 

100 

100 

62 

32.1 

54.3 

CELLOSOLVE  Solvent 

0.931 

7.74 

0.00097 

100 

10 

41 

29.4 

47.1 

Propyl  CELLOSOLVE  Solvent 

0.913 

7.60 

0.00095 

100 

100 

21 

26.3 

32.3 

Butyl  CELLOSOLVE  Solvent 

0.902 

7.50 

0.00092 

100 

100 

7.8 

28.6 

28.9 

Methyl  CARBITOL  Solvent 

1.023 

8.51 

0.00086 

100 

100 

1.5 

35.9 

54.3 

CARBITOL  Solvent 

0.991 

8.25 

0.00090 

100 

100 

1.3 

35.2 

49.6 

Hexyl  CELLOSOLVE  Solvent 

0.889 

7.40 

0.00086 

1.00 

18.80 

0.82 

30.3 

28.5(5) 

Butyl  CARBITOL  Solvent 

0-954 

7.94 

0.00088 

100 

100 

0.24 

31.0 

33.2 

Methoxytriglycol 

1-050 

8.74 

0.00084 

100 

100 

0.04 

34.7 

48.^ 

Ethoxytriglycol 

1.025 

8.53 

0.00086^ 

100 

100 

0.04 

32.2 

45.7 

Hexyl  CARBITOL  Solvent 

0.935 

7.78 

0.00084" 

3 

56.30 

0.03 

29.2(0 

— 

Butoxytrigiycoi 

0.989 

8.19 

0.00085 

100 

100 

<0.1 

30.0 

32.2 

(a)  Tag  Closed  Cup  unless  Otherwise  noted  (d)  Pensky-Martens  Closed  Cup  (0  at  2°C 

(b)  All  solutions  are  percent  by  volume  (e)  Decomposes  at  7C0  mm  Hg,  boiling  point  extropolaletl  <9*  solution 

(c)  Sets  to  glass  below  this  temperature 


(continued) 
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Table  11.67:  (continued) 

Constant  Boiling  Azeotropic  Mixtures  of  Glycol  Ethers  and  Other  Solvents 


Components 

Specific  Gravity 

Boiling  Point  at 

Solvent 

at  20/20X 

760  mm  Hg,  *C 

Methyl  CELLOSOLVE  Solvent 

0.966 

124.5 

Toluerre 

0.868 

10.6 

Methyl  CELLOSOLVE  Solvent 

0.966 

124.5 

Water 

1.000 

100.0 

Methyl  CARBITOL  Solvent 

1.023 

194.0 

Ethylene  Glycol 

1.115 

197.6 

CELLOSOLVE  Solvent 

0.931 

135.6 

Butyl  Acetate 

0.88 

126.0 

CELLOSOLVE  Solvent 

0.931 

135.6 

Toluene 

0.868 

110.6 

CELLOSOLVE  Solvent 

0.931 

135.6 

Water 

1.000 

100.0 

CARBITOL  Solvent 

0.991 

202.7 

Ethylene  Glycol 

1.115 

197.6 

Propyl  CELLOSOLVE  Solvent 

0.913 

150.1 

Water 

1.000 

100.0 

Butyl  CELLOSOLVE  Solvent 

0.902 

171.2 

Water 

1.000 

100.0 

Butyl  CARBITOL  Solvent  0.954  230.6 

Ethylene  Glycol  1.H5  197.6 


Hexyl  CELLOSOLVE  Solvent  0.889  208.1 

Water  1.000  100.0 


Hexyl  CARBITOL  Solvent  0.935  259.1 

Water  1.000  100.0 


Azeotrope 


Solvent 

Boiling  Point  at 
760  mm  Hg,“C 

in  Azeotrope 

Composition,  % by  Wt,  at  20**C 

Relative  Volume 
of  Layers  at  20*’C 

Specific  Gravity 
at  20/20"C  of 
Azeotrope  Layer 

in  Upper  Layer 

in  Lower  Layer 

Methyl  CELLOSOLVE  Solvent 

25 

— 

_ 



Toluene 

105.9 

75 

— 

— 

— 

0.887 

Methyl  CELLOSOLVE  Solvent 

15 

— 

— 

Water 

99.9 

85 

- 

— 

— 

Methyl  CARBITOL  Solvent 

70 

— 

Ethylene  Glycol 

192 

30 



— 

1.051 

CELLOSOLVE  Solvent 

35.7 

— 

_ 

Butyl  Acetate 

125.8 

64.3 

~ 

— 

— 

0.896 

CELLOSOLVE  Solvent 

10.0 



_ 

Toluene 

110.0 

90.0 

— 

— 

— 

0.874 

CELLOSOLVE  Solvent 

28.8 



_ 

_ 

Water 

99.4 

71.2 

— 

__ 

— 

1.003 

CARBITOL  Solvent 

54.5 

_ 

Ethylene  Glycol 

192 

45.5 

— 

- 

— 

Propyl  CELLOSOLVE  Solvent 

30 

- 

— 

Water 

98.8 

70 

— 

Butyl  CELLOSOLVE  Solvent 

20.8 

57 

10 

. 

Water 

98.8<*> 

79.2 

43 

90 

- 

0.989<*’> 

Butyl  CARBITOL  Solvent 

27.5 

_ 

Ethylene  Glycol 

196.2 

72.5 

— 

1.074 

Hexyl  CELLOSOLVE  Solvent 

9 

81.2 

1.0 

U11 

U 0.91 5 

Water 

99.7 

91 

18.8 

99.0 

L89 

L 1.000 

Hexyl  CARBITOL  Solvent 

2 

43.7 

1.7 

U0.5 

U 0.982 

Water 

100.0 

98 

56.3 

98.3 

L99.5 

1.000 

(a)  Heterogeneous  at  this  boiling  point 

(b)  Homogeneous  at  20"C 

(continued 

Surface  Tension  at  25°Cdynesycm 
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Table  11.67:  (continued) 


Surface  Tension  of  Aqueous  Solutions  of  Glycol  Ethers 


Surface  Tension  of  Aqueous  Solutions  of  Glycol  Ethers 
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2 CELLOSOLVE  Solvent 

3 Butyl  CELLOSOLVE  Solvent 
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Glycol  Ether,  Percent  by  Weight 


Glycol  Ether.  Percent  by  Weight 


% 


too 


Surface  Tension  of  Aqueous  Solutions  of  Glycol  Ethers 


5 60 


X Methoxytrrglycol 

2 Ethoxytriglycol 

3 Butoxytriglycol 


20 

0 20  40  60  80  100 

Glycol  Ether,  Percent  by  Weight 


(continued) 


Glycol  Ethers 


579 


Table  11.67:  (continued) 


Relative  Evaporation  of  Glycol  Ethers 
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Chart  Key: 

A Butyl  Acetate 
B Methyl  CELLOSOLVE  Solvent 
C CELLOSOLVE  Solvent 
D Propyl  CELLOSOLVE  Solvent 
E Butyl  CELLOSOLVE  Solvent 
F Methyl  CAR8ITOL  Solvent 
G CARBITOL  Solvent 
H Hexyl  CELLOSOLVE  Solvent 
I Butyl  CARBITOL  Solvent  ^ 

J Hexyl  CARBITOL  Solvent 


Vapor  Pressures  of  Glycol  Ethers 
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Table  11.67:  (continued) 


Ecological  Effects  of  Glycol  Ethers 


Glycol  Ether 

Theoretical  Oxygen 
Demand^^l,  mg  02/mg 

Biodegradation^^^  % 

Bacterial^^^ 

IC50 

mg/L 

Fathead 

Minnow^*^'*^ 

LC50 

mg/L 

Daphnia 

LC50 

mg/L 

Measured 

Calculated 

Days 

Day  10 

Day  20 

Methyl  CELLOSOLVE  Solvent 

1.64 

1.68 

30 

62 

88 

> 10,000 

> 5,400 

> 10,000 

Methyl  CARBITOL  Solvent 

— 

1.34 

5 

73 

100 

> 5,000 

> 10,000 

> 10,000 

Methoxytriglycol 

— 

1,75 

29 

33 

71 

> 5,000 

> 10,000 

> 1 0,000 

CELLOSOLVE  Solvent 

1.98 

1.86 

36 

88 

100 

> 10,000 

> 10,000 

> 10,000 

CARBITOL  Solvent 

1,74 

1.90 

17 

71 

87 

> 5,000 

> 10,000 

> 10,000 

Ethoxytrigiycol 

— 

1,89 

8 

47 

71 

> 10,000 

> 10,000 

> 1 0,000 

Propyl  CELLOSOLVE  Solvent 

1.94 

2,15 

13 

66 

100 

> 1,000 

> 5,000 

> 5,000 

Butyl  CELLOSOLVE  Solvent 

2,25 

2.30 

26 

74 

88 

> 5,000 

1,700 

> 1,000 

Butyl  CARBITOL  Solvent 

2.05 

2.17 

22 

64 

77 

> 1,000 

2,500 

> 1,000 

Butoxytriglycol 

— 

2.10 

<5 

5 

47 

> 5,000 

2,400 

2,210 

Hexyl  CELLOSOLVE  Solvent 

1.89 

2.52 

72 

93 

100 

770 

140 

305 

Hexyl  CARBITOL  Solvent 

— 

2.36 

23 

69 

80 

> 1,000 

220 

433 

(a)  Calculated  theoretical  oxygen  demand  (THOD)  based  on  complete  oxidation  of  the  chemical  to  carbon  dioxide  and  water.  Measured  value 
determined  by  chemical  oxygen  demand  procedure  published  in  Standard  Methods  for  the  Examination  of  Water  and  Wastewater,  1 8th  ed., 
Am.  Public  Health  Assoc.,  Washington,  D.C.  (1992) 

(b)  Based  on  biooxidation  measured  in  the  dilution  bottle  biochemical  oxygen  demand  (BOD)  test  published  in  Standard  Methods.  Biooxidation 
is  the  percentage  ratio  of  BOD  to  THOD  [(BOD/ThOD)*1 00%].  Nonacclimated  domestic  sewage  microorganisms  were  used  as  seed  in  the 
tests. 

(c)  Determined  by  turbidity/growth  procedures  where  the  median  inhibition  concentration  (IC50)  is  measured  after  16  hours  of  incubation  with 
sewage  microorganisms. 

(d,e)  EPA/ASTM  bioassay  procedures  were  followed  in  obtaining  these  values.  Ten  test  organisms  were  used  per  test  concentrations. 
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POLYETHYLENE  GLYCOLS 

Table  11.68:  Ashland  Polyethylene  Glycols  (69) 


Soluble  in  water  with  resultant  solutions  being 
transparent,  ASHLAND"  polyethylene  glycols 
are  designated  by  numbers  which  approximate 
their  average  molecular  weight.  Intermediate 
combinations  may  be  obtained  by  blending 
various  grades. 


ASHLAND"  polypropylene  glycols  have  average 
molecular  weights  ranging  from  400  to  4,000,  and 
encompass  a wide  range  of  physical  and  chemical 
properties.  They  are  used  in  cosmetic  formulations, 
brake  fluids,  lubricating  oils  and  greases,  and  rubber 
processing. 


Polyethylene  Glycols  200, 
300.  400  and  600 

Water-soluble  viscous  liquids 
at  normal  temperatures, 
polyethylene  glycols  are 
also  soluble  in  ketones, 
alcohols,  glycol  ethers, 
esters  and  aromatic 
hydrocarbons.  Their 
viscosities  and  freezing 
points  increase  as  the 
molecular  weight  increases. 
Used  as  paper  softeners,  in 
tire  air  bag  lubricants  and 
lotions.  Fatty  acid  esters 
prove  useful  as  emulsifiers, 
dispersants  and  lubricants. 


Polyethylene  Glycols 
1000.1450,  3350,4600 
and  8000 

From  semi-solid  to  the  higher 
molecular  weight  hard  waxy 
white  solids,  this  group  of 
polyethylene  glycols  finds 
use  as  mold  lubricants  and 
mold  release  agents  in  the 
rubber  industry.  Used  in 
preparation  of  ointments, 
cosmetic  creams  and 
lotions,  metal  polishes,  shoe 
polishes,  abrasives  and 
adhesives. 


Product 

Specific 

Gravity 

20"/20"C 

Lb/Gal 

at 

20  C 

Average 

Molecular 

Weight 

Freezing 
Range "C 

Flash  Point 
F 

PM* 

Viscosity 

Centlstokes 

at210“F 

Polyethylerte  Glycol  200 

1.127 

9.38 

200 

Supercools 

>300 

4,3 

Polyethylene  Glycol  300 

1.127 

9.38 

300 

-15to  -8 

>350 

5.8 

Polyethylene  Glycol  400 

1.128 

9,39 

400 

4-8 

>350 

7.3 

Polyethylene  Glycol  600 

1.128 

9.40 

600 

20-25 

>350 

10.5 

Polyethylene  Glycol  1 000 

1.101(55/20] 

9.16 

(55°C) 

1000 

37-40 

>350 

17.4 

Polyethylene  Glycol  1450 

1.102  (55/20) 

9.17 

(55°Cj 

1450 

43-46 

>350 

25-32 

Polyethylene  Glycol  3350 

1.1072  (a) 

8.94 

(80°C) 

3350 

54-58 

>350 

75-110 

Polyethylene  Glycol  4600 

1.073  (a) 

8.95 

{80“C} 

4600 

57-61 

>350 

160-230 

Polyethylene  Glycol  8000 

1.075  (a) 

8.96  (80°C) 

8000 

60-63 

>350 

700-900 

Polyethylene  Glycol  20000 

1,065(80/20} 

8.67(130"C)  17500 

50-55 

>350 

14,500 

‘Pensky- Martens 
(o)  Density  80  C 


Table  11.69:  BASF  Pluracol  E Polyethylene  Glycols  (47) 


Product 

Average 

Molecular 

Weight 

Form 

Viscosity 

at 

99°  C.  CS 

Flash 
R.  °C> 

Pour 

Point 

°C 

E200 

200 

Liquid 

4,4 

182 

-65 

E300 

300 

Liquid 

5,9 

210 

-13 

E400,  E400  NF 

400 

Liquid 

7.4 

238 

5 

E600,  E600  NF 

600 

Liquid 

10.8 

249 

20 

E1000 

1000 

Solid 

17.5 

255 

38^ 

E1450,  E1450  NF 

1450 

Solid 

28.5 

255 

45^ 

E2000 

2000 

Solid 

43.5 

>260 

52^ 

E4000 

4000 

Solid 

134,0 

>260 

59^ 

E4500 

4500 

Solid 

170.0 

>260 

60^ 

E8000 

8000 

Solid 

750,0 

>260 

61® 

® Melting  point  Cleveland  open  cup  Pensky  Martens  closed  cup  Flash  points  measured  by  the  closed  cup  method,  ASTM  D-56 
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Table  11.70:  CARBOWAX  Polyethylene  Glycols  (19) 


Typical  Physical  Properties  of  CARBOWAX  Polyethylene  Glycols  and  Methoxypolyethylene  Glycols 


Range  of 
Average 
Molecular 

Liquid  Density,  g/cc 

Melting  or 
Freezing 

Solubility 
in  Water 
at  20'^C, 

Viscosity 
at  210’"F, 

Average 
Number  of 
Repeating 

Product 

Weight 

20‘^C 

60°C 

80®C 

Range, 

% by  wt 

cSt 

Oxyethylene 

Units 

200 

190  to  210 

1.1238 

1.0921 

1.0763 

(f) 

Complete 

4.3 

4,1 

300 

285  to  315 

U249 

1.0927 

1.0766 

-15  to  -8 

Complete 

5,8 

6 4 

-100 

380  to  420 

1.1255 

1.0931 

1.0769 

4 to  8 

C'omplcte 

7.3 

8.; 

540  Blend  (a) 

468  to  534 

(h) 

1.0930 

1.0765 

38  to  41 

73 

15.1 

(ill 

600 

570  to  630 

1.1258 

1.0931 

1.0767 

20  to  25 

Complete 

10.8 

13.2 

900 

855  to  945 

(h) 

1.0926 

1.0763 

32  to  36 

86 

15.3 

20.0 

1000 

950  to  1050 

(h) 

1.0927 

1.0765 

37  to  40 

i ^0  1 

17.2 

22,3 

1450 

1305  to  1595 

Oi! 

1.0919 

1.0761 

43  to  46 

26.5 

32.5 

3350 

3015  to  3685 

(h) 

1.0926 

1.0769 

54  to  58 

I C.7 

; 

90,8 

1 75.7 

4000 

3600  to  4400 

ih) 

1.0926 

1.0769 

57  to  59 

I 66 

140.4 

! 90.5 

4600 

4140  to  5060 

(h) 

1.0926 

1.0764 

57  to  61 

1 j 

183.9 

104.1 

8000 

7000  tt)  90(H) 

; do 

1 1.0852  (b) 

1.0689(d) 

60  U)  6? 

; 6? 

: 821.7 

i . ■ ' 

, bSI.4 

Compound  20M 

17,500  lu) 

1.0540(c) 

1.0392(c) 

61  U>  6 ? 

65  (vi 

18,655 

i 

2 moles  8000 
i<iinc<i  w'il  U nn 
cp<iM(lr 

CARBOWAX^  Methoxypolyethylene  Glycot 


350 

335  to  365 

1.0894 

1.0547 

1.0373 

-5  to  10  1 

CAmipIcte 

3.9 

7.2  : 

550 

525  to  575 

1.1039  i 

(.0690 

* 1.0515 

15  to  25  j 

‘ Cofti()le{c  1 

6.5  1 

n,8  ; 

750 

715  lo  785 

(hi 

1.0761 

1.0595 

27  U?  32 

Complete 

10.3 

16.3 

2000 

1800  to  2200 

(h) 

1.0871 

1.0707 

49  to  54 

68 

45.5 

44.7  i 

5000 

4375  to  5625 

(h) 

1.0899 

1.0742 

57  to  6 3 j 

^ 64 

519  1 

112.9  1 

1 Surface 

1 . 

. 1 

Liquid 

1 I 

Heat  of 

1 

Product 


Tension 
at  25'^C, 
dynes/cm 


Refractive 

Index, 

nr,20 


Specific  Heat 
at  25°C, 
cal/g/"C 


CARBOWAX^  Polyethylene  Glycol 


Heat  of 
Fusion, 
cal/g 


— - 1 

3ill) 

44.5 

1.4^9; 

0 51 

(II 

m.?iO 

pi:c,4 

300 

44.5 

1.4644 

0.5 1 

37 

10,840 

im:c6 

400 

44.5 

1.4667 

0 51 

36 

1 i.oto 

540  lilcnd  (lO 

(h) 

(h) 

0.51  Ik) 

37 

-1 1,070 

Ph:Ci-6  bmd)  PUC;-32 

600 

44.5 

J.4688 

0.51 

35 

■11,100 

nr.(M2 

900 

(h) 

(h) 

0.51  (k) 

36 

-11.210 

i'i:cii<s 

1000 

(!i) 

(h) 

0.51  (k) 

38 

11,240 

PI'.(,-2() 

1450 

(h) 

(h) 

0.51  (k) 

37 

-11,300 

IM:c,-32 

3350 

(h) 

(h) 

0.51  (k) 

39 

-11,380 

pi-:c;-75 

4000 

(h) 

(h) 

0.51  (k) 

45 

-11,390 

P!-:c;-90(p) 

4600 

Ih) 

(h* 

0.51  (k) 

45 

-11,390  ' 

PECMOO 

8000 

51.3  (i) 

(h) 

0.51  (k) 

41 

-11,410 

PEG- 180 

(A)mpouiul  20M 

49.6  (i) 

do  ; 0.5]  (k) 

38 

-11,430 

IMI  1 rV  1 P 'TTI 1 

350 

40.5 

1.4557 

0.51 

26 

-11,340 

PEG-6  Methyl  Ether 

550 

40.7  (j) 

1.4620 

0.51 

30 

-11,400 

Methoxy  PEG-10 

750 

40.7  (j) 

i.4572  fj* 

0 5Hk) 

34 

-13,350 

M ethoxy  PEG- 16 

2000 

(h) 

(h) 

().51(k) 

41 

-11.390 

Methoxy  PEG-40 

5000 

(h) 

(h) 

0.51(k) 

43 

-11,410 

Methoxy  PEG-100 

Combustion  (I) 
at  25'^C, 
Btu/lb 


CTFA{m)/INCI  (n) 
Nomenclature 


FOOTNOTES: 

(;j)  A 41  '^)  \vt  'H)  mixtuTL-  oi  Pli.C»->0O  ;nni  i’l'(  .14?!* 
U?)  Al  70" C 

(c)  At  120"  C 

(d)  Al  '■J0°C 
<e)  At  140X 

(0  Sets  to  glass  below-  -65° C 
(g)  Approximate 


th)  St>lkl  at  specified  tem[K'r;Uure 

(i)  50%  aqueous  solution 

<|)  At  40°C 

!k)  Solid  heal  capacity 

1)1  Nega  t i VC  i ndica  tes  h ea  i e vol  ve«.l 

(in)  Cosmetics,  Toiletries,  and  iTagraiues  As? 

(n)  International  Nomenciauire  Cosmetii-  In 

(p)  Proposed  CTFA/lN'C’l  Name 


(continued) 


Temperature, 


Table  11.70:  (continued) 


Freezing  Points  of  Aqueous  Solutions  of  Liquid  and 
Solid  CARBOWAX  Polyethylene  Glycols 


Note;  Below  -23“C,  all  mixtures  supercool  and  have  no  definite  freezing  point.  In  high  concentrations 
of  water,  the  curves  for  polyethylene  glycols  300,  400,  1000,  540  Blend,  1450,  and  3350  can 
be  interpolated  from  the  curves  given.. 


Temperature, 


Kinematic  Viscosity,  centistokes 


Kinematic  Viscosity  of  CARBOWAX  Poiyethyiene 
Giycois 


584  Industrial  Solvents  Handbook 


Table  11.70:  (continued) 


Kinematic  Viacoaity  of  CARBOWAX 
Methoxypolyethylene  Glycola 


Temperature,  ’F 


Kinematic  Viscosity,  centistokes 


Kinematic  Viacoaity  of  Aqueoua  Solutiona  of  CARBOWAX 
Polyethylene  Glycol  200 


Temperature,  ” C 

-20  0 20  40  60  80  100  120  140  160  180  200 


Temperature,  °F 


(continued) 
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Table  11.70:  (continued) 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  300 


lemperature,  " C 

10,000 
5000 
2000 
1000 
500 

300 
200 

100 

50 
40 
30 

20 
15 

10 

7.5 

5.0 

4.0 

3.0 

2.0 

1.5 

1,0 
0.9 
0.8 
0.7 

0.6 
0.5 


Temperature,  ' P 


Kinematic  Viscosity,  centistokes 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  400 


Temperature,  C 

-20  0 20  40  60  80  100  120  140  160  180  200 


-25  0 50  100  150  200  250  300  350  400 

Temperature,  '’F 


(continued) 
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Table  11.70:  (continued) 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  540  Blend 


Tc*mjHTJ{uri‘,  C' 

-20  0 20  40  60  80  100  120  140  160  180  200 


Temperature,  F 


Kinematic  Viscosity,  centistokes 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  600 


Temperature,  ’ C 

-20  0 20  40  60  80  100  120  140  160  180  200 


-25  0 50  100  150  200  250  300  350  400 

li>m[XT.ilurr,  ’ F 


(continued) 
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Table  11.70:  (continued) 

Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  900 


centislokes 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  1000 


Temperature,  C 

-20  0 20  40  60  80  100  120  140  160  180  200 


Fr 

C, 
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Kinematic  Viscosity,  centistokes 


Table  11.70:  (continued) 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  1450 


Kinematic  Viscosity,  centistokes 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  3350 


10,000 
5000 

2000 
1000 
500 

300 
200 

100 

50 
40 
30 

20 
15 

10 

7.5 

5.0 

4.0 

3.0 

2.0 

1.5 

1.0 
0.9 
0.8 
0.7 

0.6 
0.5 

0.4 

-25  0 50  JOO  150  200  250  350  400 

Temperature,  “F 


(continued) 
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Table  11.70:  (continued) 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  4000 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 


Table  11.70:  (continued) 

Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  8000 


Temperature,  ® C 


-25  0 50  100  150  200  250  300  350  400 

Temperature,  °F 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Polyethylene  Glycol  Compound  20M 

Temperature,  ® C 


-25  0 25  50  75  100  125  150  175  200  225  250  275 

Temperature,  °F 


(continued) 
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Kinematic  Viscosity,  centistokes 


Table  11.70;  (continued) 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Methoxypolyethylene  Glycol  350 


lempcrdlurc,  C 

-20  0 20  40  60  80  lOO  1 20  140  160  180  200 

10.000 
5000 

2000 
1000 
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300 
200 
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10 

7.5 

5.0 

4.0 

3.0 

2.0 

1.5 
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0.9 
0.8 
0.7 
0.6 

0.5 


(continued) 
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Kinematic  Viscosity,  centistokes 


Table  11.70:  (continued) 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Methoxypolyethylene  Glycol  750 


Kinematic  Viscosity,  centistokes 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Methoxypolyethylene  Glycol  2000 


Temperature,  “ C 


Temperature,  ®F 


(continued) 
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Kinematic  Viscosity,  centistokes 


Table  11.70:  (continued) 


Kinematic  Viscosity  of  Aqueous  Solutions  of  CARBOWAX 
Methoxypolyethylene  Glycol  5000 


Temperature,  ® C 


Temperature,  “F 


Component  1 
Viscosity,  centistokes 


Kinematic  Viscosity  of  Blends  of  CARBOWAX  Polyethylene 
Glycols  and  Methoxypolyethylene  Glycols 


(A 

0 

X 


«) 


c ** 
0 c 

C 

0 O 

a > 


o 

tf) 

> 


(continued) 
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Percent  Water  (Based  on  Dry  Humectant)  Contained  at  Equilibrium 


Table  11.70:  (continued) 


Hygroscopicity  of  Liquid  CARBOWAX  Polyethylene  Glycols  Surface  Tensions  of  Aqueous  Solutions  of  CARBOWAX 

at  Various  Relative  Humidities  Polyethylene  Glycols  at  25°C 


Relative  Humidity,  percent  at  70  to  SO^’F 


40  60  80  10U 


Polyethylene  glycol,  percent  by  weight 

Note:  These  curves  are  valk!  to  ± 1 dyne  per  cm.  Surface  tension  for  CARBOWAX^  Polyethylene 
Glycol  ‘lOO  to  he  between  the  curves  shown. 


(continued) 


Glycol  Ethers  595 


Weight  Percent 


Table  11.70:  (continued) 


Molecular  Weight  Distributions  of  CARBOWAX 
Polyethylene  Glycols 


1 10  ion 

Repeating  Oxyethylene  Units 


Noic:  The  curves  for  (lARBOVX^AX'  PTC  200,  MH).  -lOO,  600,  lOOO  unci  N^O  were 
tieiei  niinetl  hy  liquid  chromatography.  I’he  curves  lor  CARHOWAX'  Pf'Xi  33^0, 
d600  and  SOOO  were  determined  by  gel  permeation  chromatography. 


Effect  of  Molecular  Weight  on  Physical  Properties 


Avg  MW  Solubility  Hygroscopicity  Vapor  Melting  or  Viscosity 

Range  Pressure  Freezing  Range 


200 

300 

400 

600 

900 

1000 

1450 

3350 

4600 

8000 


HIGHER  HIGHER  HIGHER  lower  lower 


lower  lower  lower  HIGHER  HIGtIER 


(continued) 
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Weight,  per  cent 


Table  11.70;  (continued) 


Polymer  Distribution  In  CARBOWAX  Polyethylene  Glycols 
200,  300,  400,  600,  1000,  1450,  4600  and  8000 


Oxide  Units 

Note:  These  curves  were  computer-derived  and  confirmed  by  gel  permeation  chromatography 


V Viscosity  Component  Viscosity,  centislokes  at  210"  F 


Approximate  Kinematic  Viscosity  of  Blends  of  CARBOWAX 
Polyethylene  Glycols  and  Methoxypolyethylene  Glycols 


0 10  20  30  40  50  60  70  80  90  100  S* 


Weight  per  cent  of  High  Viscosity  Component  ^ 

Note:  To  determine  the  viscosity  of  a blend  of  two  polyethylene  glycols,  draw  a straight  line  from 
the  low  viscosity  component  on  the  left  to  the  component  on  the  right.  Viscosities  and 
percentages  of  the  components  of  blends  are  then  approximated  by  points  along  this  line. 

Deviations  are  greater  when  blending  lower  viscosity  products  with  those  of  higher 

viscosity.  The  three  curves  on  this  page  are  examples.  . ^ 

tcontinued) 


High  Viscosity  Component,  centislokes  at  210°F 
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Table  11.70:  (continued) 

Solubilities  of  Commonly  Used  Substances  in  CARBOWAX  Polyethylene  Glycols  400, 540  Blend  and  3350 


CARBOWAX 

CARBOWAX 

CARBOWAX 

Polyethylene 

Polyethylene 

Polyethylene 

Glycol 

Glycol 

Glycol 

400 

540  Blend 

3350 

NitrocelluJose 

Soluble 

Soluble 

Partly  soluble 

Ethyl  Cellulose 

Insoluble 

Insoluble 

Insoluble 

Methyl  Cellulose 

Partly  soluble 

Insoluble 

Insoluble 

Shellac 

Partly  soluble 

Partly  soluble 

Insoluble 

Carnauba  Wax  (No.  3) 

Insoluble 

Insoluble 

Insoluble 

Paraffin  Wax 

Insoluble 

Insoluble 

Insoluble 

Beeswax 

Insoluble 

Insoluble 

Insoluble 

Ester  Gum 

Insoluble 

Insoluble 

Insoluble 

Rosin 

Soluble 

Partly  soluble 

Partly  soluble 

Gum  Arabic 

Insoluble 

Insoluble 

Insoluble 

Raw  Castor  Oil 

Insoluble 

Insoluble 

Insoluble 

Tung  Oil 

Insoluble 

Insoluble 

Insoluble 

Mineral  Oil 

Insoluble 

Insoluble 

Insoluble 

Olive  Oil 

Insoluble 

Insoluble 

Insoluble 

Pine  Oil 

Soluble 

Partly  soluble 

Insoluble 

Casein 

Soluble 

Soluble 

Partly  soluble 

Zein 

Soluble 

Soluble 

Partly  soluble 

Chlorinated  Starch 

Soluble 

Soluble 

Soluble 

Gelatin 

Insoluble 

Insoluble 

Insoluble 

Solubilities  of  CARBOWAX  Polyethylene  Glycols  400,  540  Blend  and  3350  in  Common  Solvents 


CARBOWAX 

Polyethylene 

Glycol 

400 

CARBOWAX 
Polyethylene 
Glycol 
540  Blend 

CARBOWAX 

Polyethylene 

Glycol 

3350 

Approximate  % 

Approximate  % 

Approximate  % 

by  weight 

by  weight 

by  weight 

at  20®C 

at  50®C 

at  20*C 

at  50*C 

al20»C 

at  50*C 

Water 

S 

s 

73 

97 

62 

84 

Methanol 

S 

s 

48 

96 

35 

S 

Ethanol  (200>proof) 

S 

s 

<1 

S 

<1 

s 

Acetone 

S 

s 

20 

S 

<1 

99 

Dichloroethyl  Ether 

S 

s 

44 

S 

25 

85 

Trichloroethylene 

S 

s 

50 

90 

30 

80 

Methylene  Chloride 

s 

S 

lal 

70 

CELLOSOLVE®  Solvent 

s 

s 

<1 

S 

<1 

88 

Butyl  CELLOSOLVE 

s 

s 

<1 

S 

<1 

52 

CARBITOL®  Solvent 

s 

s 

2 

S 

<1 

63 

Butyl  CARBITOL 

s 

s 

<1 

S 

<1 

64 

Ethyl  Acetate 

s 

s 

15 

S 

<1 

93 

Dimethyl  Phthalate 

s 

s 

30 

90 

13 

74 

Dibutyl  Phthalate 

s 

s 

<1 

S 

<1 

55 

Ethyl  Ether 

Insoluble 

(.t 

Insoluble 

(.1 

Insoluble 

r*i 

Isopropyl  Ether 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Insoluble 

Toluene 

S 

S 

13 

S 

<1 

S 

Heptane 

Insoluble 

Insoluble 

0.50 

0.01 

<0.01 

<0.01 

FOOTNOTIS: 

S — Greater  than  100  g per  100  cc  of  solvent, 
(a)  Solvent  boils  at  or  below  50®  C 
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Table  11.71:  Dow  Polyglycols  (23) 


Polyethylene 

Qlycoli 

E<8eriei 

Average 

Molecular 

Weight 

Average 
Freezing 
Point,  C 

Average 
Viscosity, 
Cent!  stokes 

Flash 

Point 

Retractive 

Specific 

Gravity 

25/25X 

Density 
Lbs/Gal 
at  25  C 

Viscosity 

Index 

Specific 
Heat 
Cal/g/C 
at  25"C 

CTFA' 

Nomenclature 

32F 

77"F 

100F 

210  F 

F 

If  Riff  A 

at  25°C 

CAS« 

25322-68-3 

E200 

200 

Sijp(>r 

C^ools 

187 

40 

23 

4 4 

340 

1.459 

1.124 

935 

1 1 1 

0524 

PEG-4 

E3(X) 

300 

10 

343 

69 

36 

5 9 

>400 

1 463 

1.125 

936 

110 

0508 

PEG-6 

E400 

400 

4-  6 

90 

49 

74 

>450 

1.465 

1 125 

9.36 

PEG-8 

4-22 

131 

72 

1 1 

>450 

1.466 

1 126 

937 

1.54 

0 490 

PEG-12 

34 

UX) 

16 

>450 

a 

1.204 

a 

1H2 

a 

— 

EUXX) 

1000 

37 

18 

>450 

a 

1.214 

a 

- 

a 

PEG-20 

E14‘j0 

1450 

44 

SOLID 

29 

>450 

a 

1.214 

a 

a 

PEG-6-32 

E33b0 

3350 

54 

93 

>450 

a 

1,224 

a 

a 

PEG-75 

E4500 

4500 

58 

180 

>450 

a 

1.224 

a 

a 

PEG-100 

E8(X)0 

8000 

60 

800 

>500 

a 

1.224 

a 

a 

PEG- 150 

Methoxypoly- 

ethylene 

Glycols 

MPEG 

CAS// 

900A-7A-A 

MPEG 

350 

350 

0 

27 

16 

3.8 

>350 

1.455 

1.097 

9,14 

138 



PEG-6 
Methyl  Ether 

MPEG 

550 

550 

20 

56 

30 

6,3 

>400 

1,461 

1.102 

9 17 

181 



PEG-10 
Methyl  Ether 

MPEG 

750 

750 

30 

53 

9.9 

>450 

1.463 

1.096b 

9.04b 

a 

— 

PEG-16 
Methyl  Ether 

a Designates  properties  not  applicable  for  solids 
b At  50* 

’ Cosmetic,  Toiletry  and  Fragrance  Association 


Liquids  Miscibie  in  aii  Proportions  with 

Liquid  Poiyathyisno  Giycois  E200,  E300,  E400,  E600 


Acetaldehyde 
Acetic  Acid  (Glaciai) 

Acetic  Anhydride 
Acetone* 

Acetylene  Tetrabromide 

Acrylonitrile 

Allyl  Alcohol 

Allyl  Bromide 

Amyl  Acetate 

Amyi  Alcohol 

tert-Amyl  Alcohol 

Aniline 

Benzaldehyde 

Benzene 

Benzyl  Alcohol 

Bromobenzene 

Bromoform 

n'Butyl  Acetate 

n-Butyl  Bromide 

n-Butyl  Phosphate 

n- Butyl  Stearate 

o-Chloroanlllne 

Chlorobenzene 

Chloroform* 

o-Cresol 

Cyclohexanol 

Cyclohexanone 

Diacetone  Alcohol 

Dichloroacetic  Acid 

o-Dichtorobenzene 

Dichloroethyl  Ether 

Methylene  Chiorobromide* 


Dichloroisopropyl  Ether 
Diethanolamine* 
Diethylene  Glycol* 
1,4‘Dioxane* 

Diphenyl  Oxide* 
Dipropylene  Glycol* 
Ethanol  (95%) 
Ethanoiamine* 

Ethyl  Acetate 
Ethyl  Bromide 
Ethyl  Chloroacetate 
Ethyl  Lactate 
EthyleneChiorohydrIn 
Ethylene  DibromIde* 
Ethylene  Dichloride* 
EthyleneGlycoi* 
Ethylidene  DIchloride 
Form  amide 
Furfural 
Glycerine* 

Hydrochloric  Acid  (cone.)* 
Isophorone 
Isopropanol  (99%) 
Isopropyl  Bromide 
Lactic  Acid  (85%) 

Mesityl  Oxide 
Methanol 

Methyl  Chloroform* 
(1,1,1'trichloroethane) 
4-Methylcyclohexanol 
Methylene  Bromide 
Methylene  Chloride* 


Methyl  Ethyl  Ketone 
Methyl  Formate 
Methyl  Isobutyl  Carbinol 
Methyl  Isobutyl  Ketone 
Methyl  Salicylate* 
Morpholine* 

Nitrobenzene 

NItroethane 

Nitromethane 

1>Nitropropane 

2-Nltropropane 

Octyl  Alcohol 

Paraldehyde 

Phenetole 

Phenyl  Acetate 

Phenyl  Ethyl  Acetate 

Phenyl  Ethyl  Alcohol 

4-Phenyl-m-Dloxane 

Phosphoric  Acid  (85%) 

Piperidine 

n*  Propanol 

propylene  Dibromide 

Propylene  DIchloride* 

Pyridine 

Styrene  Oxide 

Tetrahydrofurfuryl  Alcohol 

Triacetin 

T rimethylene  Bromide 
Trimethylene  Chiorobromide 
T ripropylene  Glycol  * 

Water 


'Available  from  Dow 
(Temp.x75*F) 


(continued) 
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Table  11.71:  (continued) 


Liquids  Insoluble  or  Partly  Soluble 
In  the  Liquid  Polyethylene  Qlycols 

Approximate  Solubility, 
Volume  Peicent 

E200 

E300 

E400 

E600 

n-Butyl  Stearate 

Ins. 

Ins. 

Ins. 

Ins. 

Butyraldehyde 

Ins. 

Ins. 

Ins. 

Ins. 

Cart)on  Disulfide 

10% 

10% 

10% 

25% 

Cart)on  Tetrachloride* 

40% 

45% 

Sol. 

Sol. 

Castor  Oil 

Ins. 

Ins. 

Ins. 

Ins. 

Cod  Liver  Oil 

Ins. 

Ins. 

Ins. 

Ins. 

Cottonseed  Oil 

Ins. 

Ins. 

Ins. 

Ins. 

Cyclohexane 

ins. 

Ins. 

Ins. 

Ins. 

Decahydronaphthalene 

Ins. 

Ins. 

Ins. 

Ins. 

DIamyInaphthalene 

Ins. 

ins. 

Ins. 

Ins. 

Dibutyi  Sebacate 

Ins. 

Ins. 

Ins. 

Ins. 

Diethylbenzene* 

Ins. 

Ins. 

10% 

25% 

Diethyl  Ether 

25% 

25% 

25% 

25% 

Diisopropylbenzene 

ins. 

Ins. 

Ins. 

Ins. 

Dodecyl  Alcohol 

Ins. 

Ins. 

Ins. 

Ins. 

Ethylbenzene* 

10% 

35% 

75% 

Sol. 

Ethytcylohexane 

Ins. 

Ins. 

Ins. 

Ins. 

Gasoline 

Ins. 

Ins. 

Ins. 

Ins. 

Isopropylbenzene 

Ins. 

25% 

35% 

Sol. 

Isopropyl  Chloride 

25% 

55% 

Sol. 

Sol. 

Kerosene 

Ins. 

ins. 

Ins. 

Ins. 

Lard  Oil 

Ins. 

ins. 

ins. 

Sol. 

Lemon  Oil 

Ins. 

Ins. 

ins. 

ins. 

Methyl  Laurate 

Ins. 

Ins. 

Ins. 

Ins. 

aJpha-Methytstyrene 

35% 

Sol. 

Sol. 

Sol. 

Olive  Oil 

Ins. 

2% 

10% 

X% 

Orange  Oil 

Ins. 

Ins. 

Ins. 

Ins. 

Pentachlorodiphenyl  Oxide 

Ins. 

Sol. 

Sol. 

Sol. 

Perchloroethylene* 

Ins. 

Ins. 

10% 

25% 

Riclnoleic  Acid 

Ins. 

ins. 

Ins. 

Ins. 

Soya  Oil 

Ins. 

Ins. 

Ins. 

Ins. 

Sperm  Oil 

ins. 

Ins. 

Ins. 

1% 

Tetrahydronaphthalene 

10% 

25% 

45% 

Sol. 

Tributyl  Aconltate 

Ins. 

Ins. 

Ins. 

10% 

Triethylbenzene 

Ins. 

Ins. 

Ins. 

Ins. 

Xylene 

10% 

35% 

65% 

Sol. 

Sol.  ‘ Soluble  In  ail  proportions 
Ins.  • Insoluble 
(Temp.  = 75 ’R 

Available  from  Dow 

Solubility  of  Polyothyleno  Qlycois 
In  Various  Solvonts 

effect  of  Peiyethylene  Qiyeeia  on 
Styrana-Butadlene  Rubber* 

E200  E300  E400  E600 

E1000 

E1450 

E33S0  E4600  E8000 

Polygiycol 

% Avafae* 
Ofmentlon  Change 

Acetone  c»  oo  oo  oo 

>100 

60 

<rni  <rni  <rni 

E200 

E3M 

E400 

_ :0.i8 



-0.16 

Benzene  » oc  oo  % 

>100 

64 

32 

36  12 

Ether  ^11.0  7.0  5 4 

4 

<0.1 

<0.1  <0.1  <0.1_ 

n-Heptane  <1  <1  <1  <1 

. 

<0.1 

■ 

E600 

-0.27 

Methanol  » 9^ 

>100 

>100 

36  10 

Zo 

E1000 

-0.73 

Water  » * oo  » 

>100 

>100 

^ MJU  ^ lUU  ^ 

E1450 

-0.55 

(approximate,  grams  per  1W  grams  solvent  at  25  *C) 

E3350 

-0.55 

E4S00 

-0.73 

E8000 

-0.55 

* Materials  Styrene-Butadiene  Rubber  (SBR)  Brake  Cupa  - Wheel  Cytinder, 
Pan  Number  RM3,  used  (or  rubber  swell  tests.  Teels  carried  out  according 
to  SAE  procedures  defined  by  SAE  hydraulic  brake  fluid 
specification  J1 703a.  (120  hours  at  150  ‘F)  . 

(continued) 


Table  11.71:  (continued) 


Vlsc«MitirvB.Tempenrtut«  For  Dow  PolyelhyiMM  Olyooto 

Temperature,  *C 


viscosity  of  Aquoous  Polyglycol  E200  Solutions 


Temperature,  *C 


(continued) 
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g§  I 


Table  11.71:  (continued) 


Viscosity  of  Aqueous  Polyglycd  E300  Solutions 

Temperature,  *C 


ll 1 -J 1 1 1 1 1 1 1 L-3U 1 I I I I I l_3l 

20  30  40  50  60  70  80  90  100  110  120  IX  140  150  160  170  180  190  200  210 

Temperature,  *F 


Viscosity  of  Aqueous  Polyglycol  E400  Solutions 

Temperature,  X 


(continued) 
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Table  11.71:  (continued) 


viscosity  of  Aqueou*  Polyalycol  E600  Solutions  Viscosity  of  Aqueous  Polyglycol  E900  Solutions 

Temperature,  *C  Temperature,  *C 


Temperature,  *F 


(continued) 
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Table  11.71:  (continued) 


Viscosity  of  Aquoous  Polyqlycol  El  000  Solutions 


Viscosity  of  Aquoous  Polyqlycd  El  450  Solutions 


Temperature,  *C  Temperature,  ’C 


100% 


80% 


60% 


40% 


(continued) 
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Table  11.71:  (continued) 


VIecoaity  of  Aquoous  Polyelyeol  E3350  Solutioiw 

Temperature^  ”C 


Temperature,  *F 


Viscosity,  cs 


VIeooelty  of  Aqueous  Polyelyeol  E4900  Solutions 

Temperature,  *C 


Temperature,  *F 


(continued) 
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Table  11.71:  (continued) 


Viscosity  of  Aqueous  Polyglycol  E6000  Solutions 

Temperature,  *C 


Viscosity  of  E300IE1 460  Blends 

Volume  % E1450 


(continued) 
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Viscosity,  cs 


Table  11.71:  (continued) 


Viscosity  of  E400IE3350  Blends 

Volume  % E33S0 


Volume  %E400 


Vtocosity  of  E300I E8000  Blondo 

Volume  % E8000 


Volume  % E300 


(continued) 


Glycol  Ethers  607 


Temperatuie,  *F  Temperature, 


(continued) 


Temperature,  *0  Temperature,  *0 


Glycol  Ethers  609 


Table  11.71:  (continued) 

FrMzlnoMnts»ei480,C33SO,  B4600  Aqueous  Soltitloffis 


Freezing  Point  — E8000  Aqueous  Solutions 


(continued) 


Temperature,  *C  Temperature, 


Table  11.71:  (continued) 


My^thyl^iM  Qlycols 

DeneMee  ve.  Temperature  Above  Their  PreezIne  Point 


E 

o 


Temperatuie,  *F 


Density«1.15«-(4.1624x1(r'x  *F) 


Specific  Heat,  Btu/I 


SpccHle  HmIs  of  LIvild  Myattiyton*  Olyeols 

Tampofalure,  *C 


25  50  75  100 


(continued) 
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Table  11.71:  (continued) 


Comparativa  Hygroacopicitfaa 


Time,  Hours 


POLYPROPYLENE  GLYCOLS 


Table  11.72:  Ashland  Polypropylene  Glycols  (69) 


Product 

Specific 

Gravity 

20720“C 

Lb/Gal 

at 

20”C 

Average 

Molecular 

Weight 

Pt-Co 

Color 

CentI  poise 
at20°C 

Polypropylene  Glycol  1 50 

1.025 

8.54 

150 

35 

82(20"C) 

Polypropylene  Glycol  425 

1.008 

8.42 

425 

100 

80 

Polypropylene  Glycol  1 025 

1.005 

8.39 

1000 

25 

150 

Polypropylene  Glycol  2025 

1.005 

8.39 

2000 

75 

300 

Polypropylene  Glycol  4000 

1.004 

8.36 

4000 

75 

900 

•Pensky- Martens 
(a)  Density  80  C 
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Table  11.73:  Dow  Polypropylene  Glycols  and  Polyglycol  Copolymers  (23) 


Average 


Polypropylene 

Glycols 

P-Serles 

Average 

Average 
Freezing 
Point,  C 

Viscosity, 

Centistokes 

Flash 

Point 

Refractive 
Index 
at  25  C 

Specific 
Gravity 
25/25  C 

Density 

Lbs/Gal 

at2SC 

Viscosity 

Index 

Specific 

Heat 

Cai/grC 

at2SC 

CTFA’ 

Nomenclature 

Mol0CutBr 

Weight 

32F 

77'F 

100'F 

210T 

PMCC, 

F 

CAS# 

29434-03-5 

P425 

425 

- 45* 

500 

70 

33 

4.6 

330 

1.447 

1.007 

8.39 

0.477 

PPG-9 

P1200 

1200 

- 40* 

1130 

175 

91 

13.5 

345 

1.448 

1.007 

8.38 

161 

0.459 

PPG-20 

P2000 

2000 

- 30* 

1400 

300 

160 

' 23 

390 

1.449 

1.002 

8.34 

183 

0.452 

PPG-26 

P4000 

4000 

- 26* 

4000 

800 

455 

53 

365 

1.450 

1.005 

8.36 

191 

— 

PPG-30 

Polyprogytone 

GlyraU 

L<Serlet 


CAS# 

9003-13-8 

L910 

910 

- 43* 

356 

83 

43 

8 

345 

1.444 

0.9833 

8.23 

181 

_ 

PPG-14 
Butyl  Ether 

PPG- 18 

L1 150 

1150 

- 40* 

590 

115 

57 

11 

>400 

1.446 

0.9888 

8.28 

177 

— 

Butyl  Ether 

Pofygfyoof 

Co^ymert 

CAS# 

PPG-24 

51258-152 

15-200 

2600 

- 40* 

2060 

420 

206 

32 

>450 

1.460 

1.060 

8.81 

200 

0.470 

Glycereth-24 

CAS# 

PPG-66 

9082-00-2 

112-2 

4900 

- 18* 

20000 

1(00 

445 

60 

455 

1.455 

1.028 

856 

200 

0.430 

Glycereth-12 

CAS# 

Poloxamer- 

53637-25-5 

EP530 

2000 

- 32* 

1450 

321 

168 

25 

>420 

1.452 

1.017 

846 

192 

— 

181 

a Designates  properties  not  applicable  for  solids 
b At  50' 

• Pour  Point 

’ Cosmetic,  Joiietry  and  Fragrance  Association 


Solubility  of  AddMonal  Liquids  in  Polypropyiono  Qlycois 


Approximate  Solubility,  Volume  % 


P425 

P1200 

P2000 

P4000 

Diethanolamine* 

Sol. 

< 1 

<1 

<1 

DIethylene  Glycol* 

Sol. 

10% 

10% 

10% 

Ethylene  Glycol* 

Sol. 

8% 

< 1 

<1 

Glycerine* 

< 1 

< 1 

<1 

<1 

Oleic  Acid 

< 1 

Sol. 

Sol. 

Sol. 

Pofyglycol  E200* 

Sol. 

Sol. 

9% 

<1 

Polyglycol  E400* 

Sol. 

Sol. 

<1 

3% 

Polyglycol  E600* 

Sol. 

Sol. 

< 1 

<1 

Propylene  Glycol* 

Sol. 

Sol. 

10% 

5% 

Sperm  Oil 

20% 

Sol. 

Sol. 

Sol. 

Triethanolamine* 

Sol. 

< 1 

< 1 

<1 

Tiiethylene  Glycol* 

Sol. 

Sol. 

9% 

9% 

Sol. « Soluble  In  all  proportions 
• Product  of  The  Dow  Chemical  Company 
(Temp.«77*F) 


(continued) 
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Table  11.73:  (continued) 


Liquids  Soluble  in  All  Proportions 

with  Polyglycols  P425,  PI 200,  P2000  and  P4000 


Acetaldehyde 

Dichloroethyl  Ether 

Methyl  Laurate 

Acetic  Acid  (glacial) 

Dichloroisopropyl  Ether 

Methyl  Salicylate* 

Acetic  Anhydride 

Diethylbenzene* 

a-Methylstyrene 

Acetone* 

Diethyl  Ether 

Morpholine* 

Acetylene  Tetrabromide 

Diisopropylbenzene 

Nitrobenzene 

Allyl  Alcohol 

1,4-Dloxane* 

Nitroethane 

Allyl  Bromide 

Diphenyl  Oxide* 

Nitromethane 

Amyl  Acetate 

Dipropylene  Glycol* 

1-Nitropropane 

Amyl  Alcohol 

Dodecyl  Alcohol 

2-Nitropropane 

tert-Amyl  Alcohol 

Ethanol  (95%) 

Octyl  Alcohol 

Aniline 

Ether 

Olive  Oil 

Benzaldehyde 

Ethyl  Acetate 

Orange  Oil 

Benzene 

Ethylbenzene* 

Paraldehyde 

Benzyl  Alcohol 

Ethyl  Bromide 

Pentachlorodi phenyl  Oxide 

Bromobenzene 

Ethyl  Chloroacetate 

Perchloroethylene* 

Bromocyclohexane 

Ethyl  Cyanoacetate 

Phenyl  Ethyl  Acetate 

Bromoform 

Ethylcyclohexane 

Phenyl  Ethyl  Alcohol 

n<Butyl  Acetate 

Ethyl  Lactate 

Phenetole 

n-Butyl  Bromide 

Ethylene  Chlorohydrln 

Phenyl  Acetate 

n-Butyl  Lactate 

Ethylene  Dibromide* 

4-Phenyl-m-dioxane 

n-Butyl  Phosphate 

Ethylene  Dichloride* 

Pine  Needle  Oil 

n-Butyraldehyde 

Ethylidene  Dichloride 

Piperidine 

Butyl  Stearate 

Furfural 

Propyl  Alcohol 

Caproic  Acid 

n -Heptane 

Propylene  DIbromIde 

Carbon  Bisulfide 

Hydrochloric  Acid  (23*Be.)* 

Propylene  Dlchlorlde* 

Carbon  Tetrachloride* 

Isophorone 

Pyridine 

Castor  Oil 

Isopropyl  Alcohol  (99%) 

Ricinoleic  Acid 

o-Chloroaniline 

Isopropylbenzene 

Soya  Oil 

Chlorofomi* 

Isopropyl  Bromide 

Styrene  Oxide 

o-Chlorophenoi 

Isopropyl  Chloride 

Tetrachloroethane 

Cod  Liver  Oil 

Lactic  Acid  (85%) 

Tetrahydrofurfuryl  Alcohol 

Cottonseed  Oil 

Lard  Oil 

Tetrahydronaphthalene 

Cresolt 

Lemon  Oil 

Triacetin 

Cyclohexane 

Mesityl  Oxide 

Tributyl  Aconitate 

Cyclohexanol 

Methanol 

1,1,2-Trlchloroothane* 

Cyclohexanone 

Methyl  Chloroform* 

Trichloroethylene* 

Decahydroaphthalene 

4-Methylcyclohexanol 

Triethylbenzene 

DIacetone  Alcohol 

Methylene  Bromide 

Trimethylene  Bromide 

Diamyinaphthalene 

Methylene  Chloride* 

Trimethylene  Chlorobromide 

Dl-n-butylamine 

Methylene  Chlorobromide 

Tripropylene  Glycol* 

Dibutyl  Sebacate 

Methyl  Ethyl  Ketone 

Vinyl  Cyanide 

DIchloroacetic  Acid 

Methyl  Formate 

Xylene 

0- Dichlorobenzene 

Methyl  Isobutyl  Carbinol 

Dichlofodi phenyl  Oxide 

Methyl  Isobutyl  Ketone 

* Product  of  The  Dow  Chemical  (Company 
tHeat  evolved  on  mixing 
(Temp.  = 77*F) 


Solubility  of  Aliphatic  Hydrocarbons  In  Pdypropylona  Qlycds 


Approximate  Solubility,  Volume  % 

P425  P1200  P2000  P4000 


77«F 

120«F 

77»F 

120»F 

77«F 

120®F 

77«F 

120*F 

Hexane 

Sol. 

Sol. 

Sol. 

Sol. 

Sol- 

Sol. 

Sol. 

Sol. 

VM  and  P Naphtha 

Sol. 

Sot. 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

No.  2 Fuel  Oil 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Mineral  Spirits 

35% 

Sol. 

Sol. 

Sol. 

Sol. 

Sot. 

Sol. 

Hi  Flash  Naphtha 

30% 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

Sol. 

~Sol. 

SAE  20  Lube  Oil 

15% 

20% 

25% 

Sol. 

30% 

Sol. 

16% 

28% 

Light  Paraffin  Oil 

5% 

10% 

20% 

40% 

25% 

Sol. 

18% 

22% 

Heavy  Mineral  Oil 

2% 

10% 

5% 

15% 

10% 

20% 

8% 

13% 

The  aolublllty  of  aliphatic  hydrocartx)ns  In  polyglycols  P425,  P1200,  and  P2000  diminishes  with  an  increase  in  the  chain  length  of  the  hydrocartx>n. 

Sol.  = Soluble  In  all  proportions 

(continued) 


Time,  Hours 


Table  11.73:  (continued) 


Cemperalive  Nygroeoopiolty  of 

P-Sofloo  Mypioeyloiio  Olycolo  end  Olycoilno 


Specific  Heat,  cal/g/*C 


Sp#eWlcH—toof  PotypropyluaOlycols  — P«SaH— 

Temperature,  ’C 


flO  80  100  120  140  180  100  200  220 

Temperature,  *F 


(continued) 
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Table  11.73:  (continued) 


Viscosity  vs.  Temperature  for  Polyglycol  1 5-200 


Temperature,  ®C 


2,000.000 

1,000,000 

500.000 

200.000 
100.000 


Temperature,  *F 


Viscosity  vs.  Temperature  of  Aqueous  Polyglycol  1 5-200  Solutions 


Temperature, 


(continued) 
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viscosity,  cs 


Table  11.73:  (continued) 

viscosity  vs.  Concentralion<rfAqueou.l^,ly^^  15-200  Solutions  Hyoroscopicity  of  Polyglycol  15-200 
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Temperature,  “F  Temperature, 


(continued) 


Temperature,  '’C  Temperature, 
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Table  11.73:  (continued) 

Solubility  of  Organic  Liquids  in  Polyglycol  1 5-200 


Organic  Liquid 

Solubility,  % 

Butyl  Stearate 

10 

Cotton  Seed  Oil 

>90 

Cyclohexane 

44 

Decahydronaphthalene 

36 

Diethanolamine* 

Ins. 

Ethyl  Cyclohexane 

44 

Ethylene  Glycol* 

25 

Gasoline 

25 

Glycerine* 

Ins. 

Lard  Oil 

Ins. 

Olive  Oil 

Ins. 

Soya  Oil 

Ins. 

Triethanolamine* 

Ins. 

Ins.  s Insoluble  in  all  proportions. 


Organic  Liquids  Complotaly  Solubla  in  Polyglycol  1 5-200 

At  77  *F.  Polyglycol  1 5-200  is  soluble  in  all  proportions  with  organic  acids,  alcohols,  aldehydes,  aromatics,  halogenated  hydrocarbons,  glycols,  glycol 
ethers,  and  some  vegetable,  animal  and  certain  fruit  oils.  Specific  compounds  which  are  completely  soluble  include: 


Acetaldehyde 
Acetic  Acid  (glacial) 
Acetic  Anhydride 
Acetone* 

Acetylene  Tetrabromide 

Acrylonitrile 

Allyl  Alcohol 

Allyl  Bromide 

Amyl  Acetate 

Amyl  Alcohol 

tert-Amyl  Alcohol 

Aniline 

Benzaldehyde 

Benzene 

Benzyl  Alcohol 

Bromochloromethane 

Bromocyclohexane 

Bromotorm 

n-Butyl  Acetate 

n-Butyl  Bromide 

n-Butyl  Lactate 

n-Butyl  Phosphate 

n-Butylaldehyde 

Carbon  Bisulfide 

Carbon  Tetrachloride* 

Castor  Oil 

o-Chloroanlline 

Chloroform* 

o*Chlorophenol 

Cresol 

Cyclohexanol 


Cyclohexanone 
Diacetone  Alcohol 
a-DiamyInaphthalene 
Di-N-Butylamine 
Dibutyl  Sebacate 
Dichloroacetic  Acid 
o- Dichlorobenzene 
Dichloroethyl  Ether 
Dichloroisopropyl  Ether 
Diethylbenzene* 
Diethylene  Glycol* 

Diethyl  Ether 

Diisopropylbenzene 

1,4'Dioxane* 

Diphenyl  Oxide* 
Dipropylene  Glycol* 
Dc^ecyl  Alcohol 
Ethanol  (95Vo) 

Ethyl  Acetate 
Ethylbenzene* 

Ethyl  Bromide 
Ethyl  Chloroacetate 
Ethyl  Cyanoacetate 
Ethyl  Lactate 
Ethylene  Chiorohydrin 
Ethylene  Dibromide* 
Ethylene  DIchlorlde* 
Ethylidene  Dichloride 
Furfural 

Hydrochloric  Acid  (23  *Be)* 
Isophorone 


Isopropanol  (99%) 
Isopropylbenzene 
Isopropyl  Bromide 
Isopropyl  Chloride 
Lactic  Acid  (85%) 

Lemon  Oil 
Mesityl  Oxide 
Methanol 

Methyl  Chloroform* 
p-Methylcyclohexanol 
Methylene  Bromide 
Methylene  Chloride* 
Methyl  Ethyl  Ketone 
Methyl  Formate 
Methyl  Isobutyl  Carbinol 
Methyl  Isobuty)  Ketone 
Methyl  Laurate 
Methyl  Salicylate* 
a-Methylstyrene 
Morpholine* 
Nitrobenzene 
Nftroethane 
Nitromethane 

1- Nitropropane 

2- Nitropropane 
Octyl  Alcohol 
Oleic  Acid 
Orange  Oil 
Paraldehyde 
Pentachlorodiphenyl 

Oxide 

Perchloroethylene* 


Phenyl  Ethyl  Acetate 
Phenyl  Ethyl  Alcohol 
Phenetole 
Phenyl  Acetate 
4-Phenyl-M-Dioxane 
Pine  Needle  Oil 
Piperidine 
Polyglycol  E200* 

Polyglycol  E300* 

Polyglycol  E400* 

Polyglycol  E600* 
n-Propanol 
Propylene  Dlbromide 
Propylene  Dichlorlde* 
PropyleneGlycol* 

Pyridine 
Ricinoleic  Acid 
Sperm  Oil 
Styrene  Oxide 
Tetrachloroethane 
Tetrahydrofurfuryl  Alcohol 
Tetrahydronaphthalene 
Triacetin 

TrI  butyl  Aconitate 
1 ,1 ,2*T  richloroethane* 
Trichloroethylene* 
Triethylbenzene 
Triethylene  Glycol* 
Trimethylene  Bromide 
Trimethylene  Chlorobromide 
Tripropylene  Glycol* 

Xylene 


* Products  of  The  Dow  Chemical  Company 


(continued) 


viscosity,  cs  ^ M w y,  o 8 8 8 § § § 


Table  11.73:  (continued) 


Vleooeltyv».TwiipecilMreferRoly9lycol112-a 


VIscoeity  vs.  Tamperaturs  For  Myglycol  EFS30 


Temperature,  *C 
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POLYOLS 

Table  11.74:  Properties  of  PLURONIC  and  TETRONIC  Block  Copolymer  Surfactants  (47) 


PLURONIC^  Block  Copolymer  Surfactants 


Product 

Form 

Cloud  Point 
(1%  aqueous 
so!.)°  C 

Surface 
Tension 
(0.1%,  25°  C) 
dynes/cm 

Foam  Height 
(Ross  Miles. 
O.io/o,  50°  O 
mm 

HLB" 
Value, 
25°  C 

L10 

Liquid 

32 

40.6 

30 

12-18 

L31 

Liquid 

37 

46.9 

2 

1-7 

L35 

Liquid 

73 

48.8 

25 

18-23 

F38 

~ Solid 

>100 

52.2 

35 

>24 

L43 

Liquid 

42 

47.3 

0 

7-12 

L44,  L44NF 

Liquid 

65 

45.3 

25 

12-18 

L61 

Liquid 

24 

Ins. 

0 

1-7 

L62 

Liquid 

32 

42.8 

25 

1-7 

L62D 

Liquid 

35 

43.0 

3 

1-7 

L62LF 

Liquid 

28 

38.6 

5 

1-7 

L64 

Liquid 

58 

43.2 

40 

12-18 

P65 

Paste 

82 

46.3 

70 

12-18 

F68,  F68NF 

Solid 

>100 

50.3 

35 

>24 

F68LF 

Solid 

32 

43.7 

16 

>24 

F77 

Solid 

>100 

47.0 

100 

>24 

L81 

Liquid 

20 

Ins. 

Ins. 

1-7 

P84 

Paste 

74 

42.0 

90 

12-18 

P85 

Paste 

85 

42.5 

70 

12-18 

F87,  F87NF 

Solid 

>100 

44.0 

80 

>24 

F88 

Solid 

>100 

48.5 

80 

>24 

L92 

Liquid 

26 

35.9 

15 

1-7 

F98 

Solid 

>100 

43.0 

40 

>24 

L101 

Liquid 

15 

Ins, 

Ins, 

1-7 

PI  03 

Paste 

86 

34.4 

40 

7-12 

PI  04 

Paste 

81 

33.1 

50 

12-18 

PI  05 

Paste 

91 

39.1 

40 

12-18 

F108,  F108NF 

Solid 

>100 

41.2 

40 

>24 

L121 

Liquid 

14 

33.0^ 

Ins 

1-7 

LI  22 

Liquid 

19 

33.0 

20 

1-7 

PI  23 

Paste 

90 

34.1 

45 

7-12 

F127.F127NF 

^Solid 

>100 

40.6 

40 

18-23 

10R5 

Liquid 

69 

50.9 

10 

12-18 

17R2 

Liquid 

35 

41.9 

0 

2-7 

17R4 

Liquid 

46 

44.1 

0 

7-12 

25R2 

Liquid 

29 

37.5 

1 

2-7 

25R4 

Liquid 

40 

40.9 

25 

7-12 

25R8 

Solid 

45 

46.1 

15 

12-18 

31R1 

Liquid 

25 

34.1 

0 

1-7 

3 HL8  calculated  from  glc  relative  retentton  ratios  except  tor  PLURONIC  R series  estimated  ranges  ^ Not  completely  soluble  Ins,  = Insoluble 


TETRONIC*  Block  Copolymer  Surfactants 

Surface 

Foam  Height 

Cloud  Point 

Tension 

(Ross  Miles. 

HLB^ 

(1%  aqueous 

(0.1%,  25°  C) 

0.1%.  50°  C) 

Value, 

Product 

Form 

sol.)°  C 

dynes/cm 

mm 

25°  C 

304 

Liquid 

75 

53.0 

2 

12-18 

701 

Liquid 

18 

36.1^ 

Ob 

1-7 

704 

Liquid 

79 

40,3 

80 

12-18 

901 

Liquid 

20 

36.2^ 

Ob 

1-7 

904 

Liquid 

74 

35.4 

70 

12-18 

908 

Solid 

>100 

45.7 

40 

>24 

1107 

Solid 

>100 

42.9 

50 

>24 

90R4 

Liquid 

43 

42.7 

20b 

1-7 

150R1 

Liquid 

20 

33.3b 

Ins 

1-7 

'•  Hl.R  calculated  from  gfc  relative  retention  ratios  Not  f;<m)pletely  soluble 

Ins  = Insoluble 
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GLYCERINE  ETHERS 


Table  11.75;  Glyceryl  o-Monomethyl  Ether  (2) 

Or«Monomefhyl  Ether  of  Glycerine  CH^OCH^CHOHCH^OH 

Glyceryl  Oc-monomethyl  ether  is  a colorless  liquid,  soluble  in  benzene,  ethyl  alcohol,  glycerol  and  water  but  insoluble 
in  gasoline  and  carbon  tetrachloride.  It  is  a solvent  for  rosin,  and  when  mixed  with  butyl  acetate  is  compatible  with 
nitrocellulose.  It  may  be  used  as  a selective  solvent  and  in  the  manufacture  of  alkyd  resins. 


Boiling  range  at  745  mm 


Refractive  index,  n -gp 

Specific  gravity  at  25/25°C 
Weight  per  gal 


90%  between 
215-220°C 

1.442 

1.1147 
9.29  lb 


Table  11.76:  Glyceryl  o,Y-Dimethyl  Ether  (2) 

a,y-Dimethyl  Ether  of  Glycerine  H^COCH^CHOHCH^OCH^ 

Glycerine  ft,y-dimethyl  ether  is  a water-white  liquid  soluble  In  benzene,  gasoline,  carbon  tetrachloride,  ethyl  alcohol, 
water  and  glycerine,  but  insoluble  In  linseed  oil  and  other  fixed  oils.  It  is  a solvent  for  rosin,  cellulose  acetate  and 
when  mixed  with  butyl  acetate  is  compatible  with  nitrocellulose.  It  has  use  as  a solvent  and  plasticizer. 

J^uilinx  r:ingc  at  736  mm.  90%  between 

]64-170°C: 

Specific  gravity  at  25/25'’C  1.003 

Weight  per  gai  8. 36  lbs 


Table  11.77:  Glyceryl  o-Mono-n-Butyl  Ether  (2) 

Of -Mono-n-Butyl  Ether  of  Glycerine  C^H^0CH2CH0HCH20H 

Of- Mono- n- butyl  ether  of  glycerine  is  a colorless  liquid,  soluble  in  benzene,  gasoline,  ethyl  alcohol  and  carbon  tetra- 
chloride, but  only  slightly  soluble  in  water  and  glycerol . It  is  a solvent  for  rosin  and  ester  gum  and  may  be  used  in  the 
preparation  of  varnishes  made  with  these  substances. 


Boiling  range  at  18  mm. 


Refractive  index,  n 

Specific  gravity  at  25/25"C 
Weight  per  ^ai 


90%  between 
133-137"C 

1.434 

0.945 
7.87  Iba 


Table  11.78:  Glyceryl  o-Monolsoamyl  Ether  (2) 

Of-Monoisoamyl  Ether  of  Glyceryl  ^0CH2CH0HCH20H 

Of- Mono  isoamyl  ether  af  glyceryl  is  a colorless  liquid  which  generally  contains  small  amounts  of  other  amyl  isomers. 

It  Is  soluble  in  benzene,  ethyl  alcohol,  halogenated  hydrocarbons,  carbon  tetrachloride,  gasoline,  linseed  oil,  and 
other  fixed  oils  and,  in  certain  amounts,  soluble  in  glycerol  and  water.  It  is  a solvent  for  rosin  and,  when  mixed  with 
butyl  acetate,  is  compatible  with  nitrocellulose.  It  may  be  used  as  a solvent  In  the  preparation  of  alkyd  resins  and  in 
the  synthesis  of  ester  derivatives. 


Boiling  range  at  745  mm 


25* 

Refractive  index,  N 

Specific  gravity  at  25/25*C 
Weight  per  gal 


90%  between 
252-260“C 


0.987 
8.22  Ibfl 
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Table  11.79:  Glyceryl  o,Y-Dll8oamyl  Ether  (2) 

a,y-Diisoamyl  Ether  of  Glycerine 


^OCH^CHOHCH^OC^H^  ^ 


Glyceryl  a,y-diisoamyl  ether  is  a water-white  liquid  which  may  contain  small  quantities  of  other  amyl  isomers.  It  is 
soluble  in  ethyl  alcohol,  benzene,  gasoline,  carbon  tetrachloride  and  linseed  oil,  but  insoluble  in  water  and  glycerol. 
It  is  a solvent  for  ester  gum  and  rosin  and  has  use  as  a solvent  and  plasticizer. 


Boiling  range  at  10  mm 
25* 

Refractive  index,  n 

Specific  gravity  at  25/25*0 
Weight  per  gal 


90%  between 
147-153*0 


0.903 
7.52  Ibe 


Table  11.80:  Miscellaneous  Glycerine  Ethers  (2) 


Glycerine  ethers  range  widely  from  low-boiling  liquids  to  high-boiling  solids.  The  solubility  varies  equally  from  complete 
water  miscibility  to  complete  water  insolubility.  The  following  lists  these  glyceryl  ethers  with  their  density  and  boiling 
points. 


Glyceryl- Ether  d b.p.  (or  m.p.) 


alsoamyl 

0.987;; 

137-9* 

a,  7— di-laoamyl 

0.903;; 

251-2r» 

147-53,. 

a-Bensyl 

1.196;; 

209 

124-6, 

o-n— Butyl 

0.945;; 

133-7. 

Cresyl 

tt'Ethyl 

1.063 

231-2w 

a,  7-di-EthyI 

0920,. 

190 

tri-Ethyl 

0.886»; 

103-5. 

Epiethytin 

0.94,, 

181t* 

128-9 

Glycidol 

1.1143„ 

41, 

a -Methyl 

1.1147;; 

llOi, 

^-Methyl 
a,  7-di -Methyl 

1.003;; 

221th 

69.5-70.5,, 

tri -Methyl 

0.937*; 

164-70IN 

148m 

Epimethylin 

1.002, 

113-4ttq 

mono^-Naphthyl 

m.p.  91-2 

mono-^-N  aphthyl 

m.p.  109-10 

a-Phenyl 

185-7,, 

a,  7-di-Phenyl 

150-5, 
m.p.  53-4 
287-8 

a-o-Cl-Phenyl 

m.p.  80-1 
m.p.  56 

a-p-Cl-Phenyl 

m.p.  76 

mono-2,  4 -di-Nitro phenyl 

m.p.  83 

Epiphenylin 

1.08*; 

115-6,., 

a-Propyl 

1.074*; 

118-22,, 

a,  7 -di -Isopropyl 

0.915,, 

112-3 

a,  7-di-n -Propyl 

215^7 

inono-p-Tolyl 

m.p.  73-4 

Ketones 


ACETONE 

Dimethyl  Ketone,  Methylacetyl,  Propanone-2  CHg— CO — CHg 

Acetone  is  a colorless,  limpid,  mobile,  hygroscopic,  flammable  liquid  having  a mint-like  odor. 


Table  12.1:  Physical  Properties  of  Acetone  (41) 


Typical  Properties 


Molecular  Weight 

58.08 

Boiling  Range,  760  mm,  °C 

Color  (Pt-Co  Scale),  max 

5 

Initial  Boiling  Point,  min 

55.1 

Weight/Vol,  20°C, 

Dry  Point,  max 

57.1 

lb,/gal  (U.  S.) 

6.59 

Freezing  Point.  ®F  (®C) 

-138  (-95) 

kg/litre 

0.79 

Flash  Point,  Tag  Closed  Cup,  “F  (°C) 

-4  (-20) 

Ib/gal  (Imperial) 

7.91 

Tag  Open  Cup,  “F  (°C) 

-2  (-19) 

Solubility,  20°C,  wt  9c 

Fire  Point,  ®F(°C) 

-2(-I9) 

In  water 

Complete 

Flammable  Limits  in  Air,  % by  volume 

Water  in 

Complete 

Lower 

2.6 

Evaporation  Rate  (mbutyl  acetate  = 1) 

7.7 

Upper 

12.8 

Dilution  Ratio,  toluene 

4.6 

Autoignition  Temperature  (ASTM  D-2155), 

VM  & P na.^htha 

0.55 

“F(“0 

1000(538) 

Refractive  Index,  20'’C 

1.3589 

NFPA  Classification  30 

IB 

Vapor  Pressure,  20°C.  mm  Hg 

180 

DOT  Classification 

Flammable  Liquid 

Specific  Gravity  20°/20“C 

0.792 

DOT  Labels  Required 

Flammable  Liquid 

Table  12.2:  Low  Temperature  Characteristics  of  Aqueous  Solutions  of  Acetone  (19) 


625 
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Table  12.3:  Solubility  of  Various  Materials  In  Acetone  (44) 


SOLI  BILITY  OK  ShEU.ACS  IN  ACBTO.NE 


TYFE 

, PEB  CE.ST  soluble  AT  BOILING 
POINT  OF  ACETONE 

Su|}er6ne  orange  shellac  

98.8 

Superhne  shellac 

92.8 

T N.  shellac,  No.  1 

' 95.6 

T.  N.  shellac,  No.  2 

98.8 

.A.  C.  garnet  

i 81.3 

Refus  lac 

1 6.3.0 

pERfENTAOE  OF  AcETO.SE  INSOLUBI.E  M.ATTER  I\  V 

•ariols  Resins 

type 

PER  CE.M  INSOLUBLE  IN- 
ACETONE 

Kauri,  pale 

1 8.90 

Kauri,  brown  

1 38  70 

Kauri,  bush 

i 20  70 

Rosin 

i Solulile 

Burgundy  pitch  

! Soluble 

Stockholm  tar 

Soluble 

Mastic 

9.50 

Sumlarac 

Solul)lc 

.\Iad:igascur  copal,  fused 

84,80 

Sou  Bii.iTY  OF  K.ats,  Oils  \su 

(Jre-ases 

.\rETONE 

TYPE 

MISCIBILITY 

A 2S'C. 

PF.B  CENT 
SOLUBLE 

AT  25*C. 

SOLUBILITY  AT 
' BOILING  POINT 

or  acetone 

Chinawood  oil 

M 

Coconut  oil  (refined  and  bleached) 

M 

Corn  oil  (raw) 

M 

Cottonseed  oil  (refined  and  bleached) 

M 

Cottonseed  oil  (hydrogenated,  Crisco) 

M 

100  0 

M 

Cottonseed  oil  (hvdrogenated) 

.32  0 

M 

Cottonseed  oil  (stearin).  

M 

Cottonseed  oil  (summer)  . ; 

M 

Cottonseed  oil  (winter)  . 

M 

Kish  oil  (herring,  raw)  [ 

M 

Fish  oil  (hydrogenated) 

.35.8 

M 

Fish  oil  (menhaden,  raw) 

m 

99.8 

M 

Grease,  brown 

m 

1 96.4 

99.8 

Grease,  garbage  

m 

99.6 

99.7 

(3rease,  white 

m 

1 97.3 

M 

liinseed  oil,  raw  ^ 

, M , 

M— miscihJe  in  all  proportions. 

m — part  soluble  at  25“C  is  miscible  in  all  proportions. 


Solubility  of  Copal  Resins  in  Acetone 


TYPE 

PER  CENT  SOLUBLE  AT 
BOILING  POINT  OP 
ACBTONE 

SOLUBILITY  OF  PABT 
SOLUBLE  AT  25*C 

Congo 

40.8 

M' 

Manila,  soft 

96.6 

M 

Elemi . 

100.0 

M 

Yacca. 

96.6 

M 

Sandarac. 

97.0 

M> 

Sierra  Leone 

55.5 

M‘ 

Borneo  pontianac 

93.5 

M' 

Batavia  dammar 

88.7 

Red,  accrodites 

95  2 

M 

M— niiscible  in  all  proportions. 

M'~ miscible  in  concentrated  solutions  with  separation  on  dilution. 


Solubility  of  W.ateh  Gums  in  .Vcetone 


TYPE 

pee  cent  SOLUBLE  AT  BOILING 

POINT  OF  acetone 

Arabic  gum 

11.9 

Indian  gum 

16.7 

Senegal  gum 

12.0 

Tragacanth,  Allepa 

9.2 

Tragacanth,  Persian 

8.0 

Tragacanth,  Turkey  

7.2 

Solubility  of  Asphalts  and  Bitumens  in 

Acetone 

TYPE 

PER  CENT  SOLUBLE  AT  BOILING 

POINT  or  acetone 

Alberite 

5.8 

Asphalt,  blown,  from  mid-continental  petroleum 

56.4 

Bermudez  pitch,  refined 

62.4 

Coal-tar  pitch,  refined 

70.4 

Fatty  acid  pitch,  soft  grade 

62.4 

Fatty  acid  pitch,  medium  grade 

54.3 

Gilsonite  selex. 

25.0 

Grahamite 

1.6 

Mexican  petroleum  asphalt,  steam-distilled,  medium 

grade 

44.2 

Mexican  petroleum  asphalt,  steam -distilled,  soft  grade 

64.3 

Petroleum  asphalt,  steam-distilled,  California,  medium 

grade . 

81.0 

Residual  oil  from  Gulf  Coast  

61.0 

Residual  oil  from  steam  distillation  of  mid-continental 

petroleum  asphalt 

97.2 

Syrian  asphalt 

5.9 

Trinidad  pitch,  refined  

42.0 

Table  12.4:  Specific  Gravity  of  Aqueous  Solutions  of  Acetone  at  Different  Temperatures  (19) 


ACETONE,  ptr  cant  by  wtight 


Ketones  627 


Table  12.5:  Surface  Tension  of  Aqueous  Solutions  of  Acetone  at  25°C  (19) 


0 10  20  30  40  50  60  70  80  90  100 

ACETONE,  per  cent  by  weight 


Table  12.6:  Viscosity  of  Aqueous  Acetone  Solutions  at  25°C  (19) 


0 10  20  30  40  50  60  70  80  90  100 


ACETONE,  per  cent  by  weight 


REFRACTIVE  INDEX,  at  25”C 
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Table  12.7;  Refractive  Index  of  Aqueous  Solutions  of  Acetone  at  2S"‘C  (19) 


Table  12.8:  Liquid-Vapor  Equilibria  for  Aqueous  Solutions  of  Acetone  at  Different  Pressures  (19) 


80  82  84  86  88  90  92  94  96  98  100 


ACETONE,  mol  per  cent  in  liquid  phase 


Ketones 


629 


Table  12.9:  Freezing  Point  of  Aqueous  Solutions  of  Acetone  (19) 


TEMPERATOSE.'C 


METHYL  ETHYL  KETONE 

MEK,  Butonone-2,  Ethyl  Methyl  Ketone  CH3— CO — C2H5 

Methyl  ethyl  ketone  is  o colorless,  stoble,  mobile,  flommoble  liquid  with  on  odor  like  ocetone. 

Table  12.10:  Physical  Properties  of  Methyl  Ethyl  Ketone  (2) 


Azeotropic  Mixture* 

% by  wt.  % by  wt.  B.P.  CO 


Methyl  ethyl  ketone 

37.5 

Benzene 

62.5 

78.4 

73 

(erf-Butyl  alcohol 

27 

77.5 

84.7 

Carbon  disulfide 

15.3 

45.9 

29 

Carbon  tetrachloride 

71 

73.8 

40 

1 ,3-Cyclohexadiene 

60 

73.0 

40 

Cyclohexane 

60 

72.0 

12 

Ethyl  acetate 

82 

77.0 

60 

Ethyl  alcohol 

40 

74.8 

20 

Ethyl  sulfide 

80 

77.6 

70 

Isopropyl  alcohol 

30 

77.6 

52 

Methyl  propionate 

48 

79.3 

55 

Propyl  formate 

45 

79.5 

75 

Propyl  mercaptan 

25 

55.5 

45 

Thiophene 

55 

76 

Ternary  Mixture* 

B.P.  CO 

(1)  Methyl  ethyl  ketone 

22.2 

Water  3.0  CCL, 

, 74.8 

65.7 

(2) 

17.8 

8.9  C.H« 

73.8 

68.9 

Upper  layer  of  (2) 

19.0 

0.4 

80.6 

Lower  layer  of  (2) 

3.5 

96.4 

0.1 

Typical  Properties  and  Specifi/caiion* 


Boiling  point  at  760  mm 

Coeflficient  of  expansion 

Electrical  Conductivity 

Explosive  limits 

Flash  point  (Tag  Closed  Cup) 

Freezing  point 

Heat  of  combustion 

Latent  heat  of  Vaporization  at  20"C 

Refractive  Index,  N 20/D 

Solubility  of  water  in  solvent  at  20*0 

Specific  gravity  at  20/20*C 

Specific  heat 

Surface  tension 

0*C  26.9  dynes/sq  cm 


79.6*C 

0.00076  per  *F 

1.0  X 10-’  ohms  at  25*C 
1.97%— 10.2% 

25*F 

-86.4*C 

582  Cal./mole 

106.0  cal./g 
1.3788 

10%  by  wt. 

0.805-0.807 
0.55  cal./g 


20  24.6 

40  22.3 

76  18.4 


Viscosity  at  15“C 
Weight  per  gallon  at  20*C 
Acidity  (as  acetic) 
Distillation  range  (ASTM) 
Non*volatils  matter 
Purity 


0.00423  poise 
6.72  lbs. 

0.0025  by  wt.  (max.) 
70*-80.5*C 

3 mg.  per  100  ml.  (max.) 
99% 
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Table  12.11:  Methyl  Ethyl  Ketone  and  Water  (14) 


Vapor  end  Liquid  ComposifioM  at  ftw  Boilinq  Point 
Prenure  = I Ahn. 


METHYL  n~PROPYL  KETONE 

Pentanone“2  CH3*CO*CH2*C2H5 

Commercial  methyl  n-propyl  ketone,  produced  synthetically  by  dehydrogenation  of  the  corresponding 
alcohol,  consists  of  a mixture  of  methyl  n-propyl  and  diethyl  ketones  in  the  approximate  ratio  of 
3 to  1,  and  contains  at  least  97%  of  these  ketones,  the  balance  being  secondary  amyl  alcohol . It  is 
a colorless  liquid,  soluble  in  alcohol  and  ether  but  only  very  slightly  soluble  in  water. 


Table  12.12:  Properties  of  Methyl  n-Propyl  Ketone  (41) 


Typical  Propertiea 


Molecular  Weighi  (CsH^oO) 

86.13 

Specific  Gravity  at  20°/20°C 

0.807 

Branched-Chain  Ketones,  wt  % (max) 

10 

Boiling  Range  at  760  mm.  °C 

Color  (Pt'Co  Scale),  max 

15 

Initial  Boiling  Point,  min 

101 

Evaporation  Rate  (n-butyl  acetate  = 1) 

2.3 

Dry  Point,  max 

105 

Weight/Vol  at  20°  C 

Freezing  Point.  °F  (°C) 

-122  (-86) 

Ib/gal  (U.S.) 

6.72 

Flash  Point,  Tag  Closed  Cup.  °F  (°C) 

46(8) 

kg/L 

0.81 

Tag  Open  Cup,  °F  (°C) 

50(10) 

Ib/gal  (Imperial) 

8.06 

Fire  Point.  °F  (°C) 

50(10) 

Solubility  at  20°  C,  wt  % 

Flammable  Limits  in  Air,  % by  volume 

In  water 

3.1 

Lower,  at  94°  F (34°  C) 

1.56 

Water  in 

4.2 

Upper,  at  144°  F (62° C) 

8.7 

Dilution  Ratio,  toluene 

39 

Autoignition  Temperature  (ASTM  D 2155). 

°F(°C)  840(449) 

VM  & P naphtha 

1.0 

NFPA  Classification  30 

IB 

Refractive  Index  at  20° C 

1.3904 

DOT  Classification 

Flammable  Liquid 

Vapor  Pressure  at  20°C,  mm  Hg 

27.8 

DOT  Labels  Required 

Flammable  Liquid 

(continued) 
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Table  12.12:  (continued) 


Comparison  of  Solvent  Power 
MPK  vs  Other  Solvents 


Solvent 

Solution  Viscosity  at  25°C,  cP  (mPa  * s) 

RS  !4*Sec 
Nitrocellulose 
8% 

CAB-3810.5® 

10“/o 

Efvdcite  2010 
Acrylic‘s 
10% 

VYNS'^ 

10% 

Ethyl  Acetate® 

23 

28.3 

5.8 

- 

Jsopropvl  Acetate® 

25 

31.0 

6.6 

- 

MEK 

14 

18.8 

3.6 

22.8 

MPK® 

16 

20.8 

4.5 

31.5 

MIBK® 

23 

27.0 

5.8 

59.2 

^an  Eastman  product 
^product  of  Du  Pont  Company 
'product  of  Union  Carbide  Corporation 


METHYL  n-BUTYL  KETONE 

Hexanone“2  ^^3  *C4H9 

Methyl  n-butyl  ketone  Is  a colorless  liquid,  freely  soluble  in  alcohol  and  ether  but  very  slightly  soluble 
In  water. 


Table  12.13:  Properties  of  Methyl  n-Butyl  Ketone  (41) 


Molecular  Weight  (C^  H 1 2 O) 

100.16 

Water,  wt  % 

0.05 

Melting  Point,  °C 

-56.9 

Branched-Chain  Ketones,  max,  wt  % 

5 

Boiling  Point,  °C,  760  mm 

127 

Refractive  Index,  20°C 

1.3969 

Evaporation  Rate  (n~butyl  acetate  = 1) 

1.0 

Flash  Point  (Tag  Closed  Cup),  °F  (°C) 

77 

(25) 

Weight/Vol,  at  20°C 

(Tag  Open  Cup),  °F  (°C) 

83 

(28) 

Ib/gal.  (U.S.) 

6.75 

Fire  Point,  °F  CC) 

86 

(30) 

kg/liter 

0.81 

Flammable  Limits  in  Air,  % by  volume 

Ib/gal.  (Imperial) 

8.10 

Lower 

1.3 

Solubility,  20°C,  wt  % 

Upper 

8.0 

In  water 

1.4 

Autoignition  Temperature  (ASTM  D-2155), 

Water  in 

2.1 

OF 

795 

(424) 

Dilution  Ratio,  toluene 

4.0 

NFPA  Classification  30: 

Flammable  Liquid, 

VM  & P naphtha 

I.l 

Class  IC 

Color  (Pt-Co  Scale),  ppm 

5 

ICC  Labels  Required 

None 

Acidity,  as  acetic  acid,  wt  % 

0.0 1 

Bureau  of  Explosives  Classification 

Nonhazardous 

Liquid 


Several  of  the  solvent  characteristics  of  Methyl  n*Butyl  Ketone  are  listed  in  the  following 
table.  Similar  values  for  other  solvents  are  included  for  comparison. 


Eastman  Solvent 

Evap. 

Rate 

Blush  Res., 
% R.H.  @ 
80“  F (27“C) 

Solution  Viscosity.  25“ C,  cp  | 

RS.  V4-Sec 
Cellulose  Nitrate® 
10Wt% 

£j(or>^ 

470 

20Wt  % 

Elvmdte^ 

2010 

20Wt% 

Methyl  n-Butyi  Ketone 

1.0 

80 

28 

24 

65 

Methyl  Isobutyl  Ketone 

1.6 

78  , 

30  , 

24 

64 

Isobutyl  Acetate 

t.4 

80 

49 

38 

83 

n-Butyl  Acetate 

1.0 

63 

■ -■  --  1 

46 

33 

77 

^uroduct  of  Hercules,  Inc,  ^product  of  E,  /.  du  Pont  de  Nemours  Co.,  Inc. 

product  of  Firestone  Plastics  Co. 
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Table  12.14:  Solubility  of  Dry  Half-Second  R.S.  Nitrocellulose  in  a System  of  Methyl  Butyl  Ketone-sec- 
Butanol-Toluene  (2) 


Mcthyl  Burn,  Hctonc 


METHYL  ISOBUTYL  KETONE 

Hexone,  4-Methyl pentanone-2,  2-MethyI -4-Pentanone  CH^'CO’C^H^ 

Although  first  prepared  in  1849,  methyl  Isobutyl  ketone  was  not  made  synthetically  and  on  a large  scale 
until  the  last  decades.  It  is  a stable,  colorless  liquid  classified  as  a medium  boiler.  It  is  miscible  with 
most  organic  solvents  and  with  mineral  and  vegetable  oils.  When  compared  with  butyl  acetate  its  rate  of 
evaporation  is  somewhat  faster  so  that  it  can  either  replace  esters  or  be  combined  with  them.  Its  rate  of 
evaporation  is  somewhat  faster  than  that  of  butyl  acetate.  It  is  used  in  the  vinyl  type  resins  for  coatings 
where  it  helps  to  prevent  gelling  and  lowers  viscosity,  in  nitrocellulose  lacquer  manufacture,  in  extrac- 
tion processes  and  in  chemical  synthesis.  It  may  be  used  in  dewaxing  oils. 


Table  12.15:  Properties  of  Methyl  Isobutyl  Ketone  (41) 


Typical  Properties 


Molecular  Weight  (CeHuO) 

100.16 

Color  (Pt-Co  Scale),  max 

10 

Weight/Vol  at  20°  C. 

Ib/gal  (U  S.) 

6.67 

kg/L 

0,80 

Ib/gal  (Imperial) 

8 00 

Solubility  at  20°  C,  wt  % 

In  water 

2.0 

Water  in 

1.0 

Evaporation  Rate  (n-butyl  acetate  = 1) 

1,6 

Dilution  Ratio,  toluene 

3.5 

VM  & P naphtha 

1.0 

Refractive  Index  at  20°  C 

1.3958 

Vapor  Pressure  at  20°  C,  mm  Hg 

15 

Specific  Gravity  at  20°/20°C 

0.802 

Boiling  Range  at  760  mm,  °C 

Initial  Boiling  Point,  min 

114 

Dry  Point,  max 

117 

Freezing  Point,  °F  (°C) 

-119  (-84) 

Flash  Point.  Tag  Closed  Cup.  °F  (°C) 

60(16) 

Tag  Open  Cup,  °F  (°C) 

68  (20) 

Fire  Point.  °F  (°C) 

70  (21) 

Flammable  Limits  in  Air.  % by  volume 

Lower,  at  200°  F (93°  C) 

1.22 

Upper,  at  200°  F (93°  C) 

7.96 

Autoignition  Temperature  (ASTM  D-2155),  °F  (°C) 

840  (449) 

NFPA  Classification  30 

IB 

DOT  Classification 

Flammable  Liquid 

DOT  Labels  Required 

Flammable  Liquid 

(continued) 
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Table  12.15:  (continued) 


Several  of  these  solvent  characteristics  of  MIBK  are  listed  in  the  following  table.  Similar  values  for  other  solvents  are 
included  for  comparison. 


Eastman  Solvent 

Evap 

Rate 

Blush  Res.. 
% R.H.  @ 
80'F(27°C) 

Solution  Viscosity  at  25°C.  cP  (mPa*s)  | 

RS  ’/3-Sec 
Cellulose  Nitrate* 
lOWt'ic 

FPC 

470  Resin® 
20  Wt/% 

Elvacite 
2010  Resin' 
20  Wt/% 

Methyl  Isobutyl  Ketone 

78 

30 

24 

64 

Isobutyl  Acetate 

49 

36 

83 

n-Butyl  Acetate 

83 

46 

33 

77 

""Product  of  Hercules  Incorporated 
^Product  of  Firestone  Plastics  Company 
^Product  of  Du  Pont  Company 


Table  12.16:  Solubility  of  Miscellaneous  Materials  in  Methyl  Isobutyl  Ketone  at  20*’  to  25^’C  (2) 


Soluble,  Over  5%  by  Weight  Concentration 


Acid 

1 

Gums 

Oleic  ^Technical  Red  Oil) 

Elemi 

Kauri  (Pale  Bold) 

Oils 

Mastic 

Castor,  Refined  Raw 

Pontianak 

Cottonseed,  Raw 

China  Wood 

Resins,  Natural 

Coconut,  Crude 

Dammar  (dewaxed) 

Fish,  Processed 

Batavia 

Ijinsced,  Pure  Raw 

Singapore 

Mineral,  70/80  viscosity 

Light  Rosin 

Pine 

Sandarac 

Soybean,  2-3  viscosity 

usiNS,  SYwrainc 

Tndc  Nunc  | 

TVp* 

Amberlac  80-X 

Amberol  801 

Arochem  519 

Aroclor  1260 

Bakelite  BR-254 

No.  1 Solid  Beckosol 

Beckofiol  1313 

Beetle  227-8 

Cellolyn  102 

Ester  gum 

Ethyl  methacrylate 

Glyptal  2477 

Melmac  245-8 

Neville  R-21  (soft) . 

Nevillite  1 

Nitrocellulose 

Parlon  X (20  cpa  ) . . 

Phenac  608 

Santolite  K 

Saran  F-120 

Staybelite 

Teglac  Z-152 

Vinylite  AYAF 

Vinylite  VMCH 

Vinylite  VYHH 


Modified  drying  type  phthalic  alkyd 
Rosin  modified  maleic  alkyd 
Modified  maleic 
Chlorinated  diphenyl 

Non -heat-hardening  100%  para-phenylphenol  resin 

Phenolic  modified  drying  type  alkyd 

Drying  type  alkyd 

Unmodified  urea-formaldehyde 

Modified  rosin  eater 

Rosin  ester 

Acrylic  ester 

Non-drying  type  alkyd 

Unmodified  melamine-formaldehyde 

Unmodified  coumarone-indene 

Naphthene  polymers 

Cellulose  ester 

Chlorinated  rubber 

Modified  phenolic 

Alkyl -ary  Isulfonamide 'formaldehyde 
Vinylidenechloride-acrylonitrileco  polymers 
Hydrogenated  rosin  ester 
Rosin  modified  maleic  alkyd 
Polyvinyl  acetate 

Maleic  modified  vinyl  chloride -vinyl  acetate  copoly- 
mers 

Vinyl  chloride- vinyl  acetate  copolymers 


634  Industrial  Solvents  Handbook 


METHYL  n-AMYL  KETONE 

Heptanone-2  CH3(CH2)4-CO'CH3 

This  ketone  Is  a colorless,  stable  liquid,  miscible  with  most  lacquer  solvents  and  only  very  slightly  soluble 
m water.  It  is  used  as  a high-boiling  solvent  for  nitrocellulose  and  is  particularly  applicable  In  vinyl  resin 
finishes,  where  its  slow  rate  of  evaporation  prevents  quick  drying,  improves  the  flow  and  gives  blush  resis- 
tance; also  used  with  some  effect  in  Insecticidal  preparations. 


Table  12.17:  Properties  of  Methyl  n-Amyl  Ketone  (41) 

Typical  Properties 


Molecular  Weight  (C,H,^0) 

114.19 

Specific  Gravitx  at  20°/20“C 

0.8 17 

Branched-Chatn  Ketones,  wt  % max 

2.0 

Boiling  Range  at  760  mm.  °C 

Color  (Pi -Co  Scale),  max 

10 

Initial  Boiling  Point,  min 

149 

Evaporation  Rate  (n-but\  l acetate  = 1) 

0.4 

Dry  Point,  max 

153.5 

Weight/Vol.  at  20°C 

Freezing  Point,  °F  (°C) 

-27  (-33) 

Ib/gal  (U.S.) 

6.80 

Flash  Point,  Tag  Closed  Cup,  °F  (°C) 

102  (39) 

kg/L 

0.81 

Tag  Open  Cup.  °F  (°C) 

114  (46) 

Ib/gal  (imperial) 

8.16 

Fire  Point.  “F  C) 

115  (46) 

Solubility  at  20°C,  wt  7<. 

Flammable  Limits  in  Air,5r  by  volume 

In  water 

0.46 

Lower,  at  150°F(66°C) 

1.11 

Water  in 

1.31 

Upper,  at  250°F(121°C) 

7.9 

Dilution  Ratio,  toluene 

3.9 

Autoignition  Temperature  (ASTM  D 2155),  ®F  (°C) 

740  (393) 

VM  & P naphtha 

1.2 

NFPA  Classification  30 

11 

Refractive  Index  at  20‘^C 

1.4085 

DOT  Classification 

Combustible  Liquid 

Vapor  Pressure  at  20‘*C.  mm  Hg 

2.14 

DOT  Labels  Required 

None 

COMPARISON  OF  PROPERTIES  OF  HIGH-BOILING  SOLVENTS 


Solvent 

Evap. 

Rata 

..  . 

Blush  Res., 
% R.H.  @ 
80®F  (27®C) 

Solution  Viscosity  at  25®C,  cP 

RS  %*S8c 
Cellulose  Nitrate^ 
10  Wt% 

00-381-0.5** 
10  Wt  % 

VMCH 
Copolymer® 
20  Wt  % 

Methyl  n-Amyl  Ketone^ 

0.4 

93 

40 

37 

158 

Methyl  Isoamyl  Ketone^ 

0.5 

89 

42 

37 

164 

Isobutyl  Isobutyrate^ 

0.4 

92 

128 

Insol 

Gel 

Ethyl  Amyl  Ketone 

0.3 

94 

69 

Insol 

320 

Oiisobutyl  Ketone^ 

0.2 

95 

143 

Insoi 

Gel 

Ektasolve*  EE  Acetate^ 

0.2 

94 

113 

89 

1040 

^product  of  Hercules  Incorporated  ^an  Eastman  product  ^product  of  Union  Carbide  Corpt>ration 


METHYL  ISOAMYL  KETONE 

MIAK  CH3-CO-C5H1] 

MIAK  Is  a retarder  solvent,  having  an  evaporation  rate  of  0.5,  but  it  also  possesses  exceptional  solvent  power 
for  most  fi I m "-formers . In  lacquers,  the  low  evaporation  rate  of  MIAK  promotes  good  flow  and  leveling  proper- 
ties; whereas  the  high  solvency  provides  low  viscosities  or  permits  a higher  nonvolatile  content. 

Table  12.18;  Properties  of  Methyl  Isoamyl  Ketone  (41) 


Typical  Properties 


Molecular  Weight  (CtH^O) 

114.19 

Boiling  Range,  760  mm,  °C 

Color  (Pt-Co  Scale),  max 

10 

Initial  Boiling  Point,  min 

141 

Weight/Vol,  20°C, 

Dry  Point,  max 

148 

Ib/gal  (U.S.) 

6.76 

Freezing  Point,  °F  (°C) 

-101  (-74) 

kg/litre 

0.81 

Flash  Point,  Tag  Closed  Cup,  °F  (*C) 

96(36) 

Ib/gal  (Imperial) 

8.14 

Tag  Open  Cup,  °F  (*C) 

106(41) 

Solubility,  20°C,  wt  % 

Fire  Point, '*F(^C) 

107(42) 

In  water 

0.5 

Flammable  Limits  in  Air,  % by  volume 

Water  in 

1.2 

Lower,  at  200“F(93*C) 

1.05 

Evaporation  Rate  ( n-butyl  acetate  = 1) 

0.5 

Upper,  at  200“F(93‘’C) 

8.2 

Dilution  Ratio,  toluene 

4.1 

Autoignition  Temperature  (ASTM  D-2155),  °F  (“C) 

795 (425) 

VM  & P naphtha 

1.2 

NFPA  Classification  30 

IC 

Refractive  Index,  20“C 

1.4069 

DOT  Classification 

Flammable  Liquid 

Vapor  Pressure,  20“C,  mm  Hg 

4.5 

DOT  Labels  Required 

Flammable  Liquid 

Specific  Gravity,  20°/20°C 

0.814 

/ rt  -f  i rt  1 1 a/4  \ 

(continued) 
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Table  12.18:  (continued) 


— 

Solvent 

Evap. 

Rate 

Blush  Res., 
%R.  H.  @ 
80° F (27°C) 

Solution  Viscosity,  25®C,  cP 

RS  %-Sec 
Cellulose  Nitrate^ 
10Wt/% 

FPC 

470  Resin^ 
20  Wi/% 

Elvadte 
2010  Resin® 
20  Wt/% 

Methyl  Amyl  Acetate 

0.5 

92 

128 

Insol 

tnsol 

Methyl  Isoamyt  Ketone 

0.5 

89 

42 

34 

68 

Isobutyl  Isobutyrate 

■a 

92 

128 

Insol 

tnioi 

Ektasolve®  EE  Acetate 



113 

284 

^product  of  Hercules  Incorporated 
^product  of  Firestone  Plastics  Company 
^product  of  Du  Pont  Company 


Table  12.19:  Properties  of  Methyl  Isoamyl  Ketone  vs  Other  Solvents  (41) 


Solvent 

Evaporation 

Rate 

Dilution 

Ratio 

(Toluene) 

Blush 

Resistance, 
% R.H.  at 
80»F. 

Specific 

Gravity, 

20/20°C. 

Flash 
Point, 
Tag  Open 
Cup,  *F. 

Boiling 

Range, 

760  mm., 
•C. 

Methyl  isobutyl 
ketone 

1.6 

3.6 

78 

0.8018 

73 

114-117 

Isobutyl  acetate 

1.4 

2.7 

78 

0.8728 

90 

114-118 

n-Butyi  acetate 

1.0 

2.7 

82 

0,8109 

100 

116-118 

Amyl  acetate 

0.6 

2.4 

92 

0.862 

93 

100-150 

MIAK 

0.50 

4.1 

92 

0.813 

110 

14M48 

Methyl  amyl  acetate 

0.5 

1.7 

92 

0.8595 

110 

143-150 

2'Ethoxyethanol 

0.3 

4.9 

65 

0.9311 

130 

132-136 

4-Methoxy-4-methyl- 

pentanone-2 

0.3 

3.1 

91 

0.904 

141 

147-163 

Ethyl  amyl  ketone 

0.2 

2.2 

94 

0.822 

135 

156-162 

2-Ethoxyethyl 

acetate 

0.2 

2,5 

91 

0.9748 

150 

145-165 

4-Methoxy-4-methyl- 

pentanol-2 

0.2 

4,7 

93 

0.890 

140 

164-169 

Cyclohexanone 

0.2 

5.8 

92 

0.945 

129 

153-160 

2-Butoxyethanol 

0.06 

3.33 

96 

0.9019 

165 

166-173 

Isophorone 

0.03 

6.2 

97 

0.9229 

205 

205-220 

Table  12.20:  Butyrate-Acrylic  Wood  Lacquer — Substituting  Isoamyl  Ketone  for  2-Ethoxyethyl  Acetate  (41) 


Part  A 

Part  B 

Ingredients 

Wt.  % 

Wt.  % 

Half-Second  Butyrate 

8.5 

8.5 

Acryloid  B-66  resin  (40%)’ 

. 21.3 

21.3 

Santicizer  160  plasticizer* 

30 

3.0 

Dow-Corning  510  (1000  cs.)  fluid*  . . . . 

0.01 

0.01 

Eastman  Inhibitor  DOBP*  

0.09 

0.09 

Toluene  

26.3 

36.3 

Isobutyl  acetate 

13.6 

13.6 

Isobutyl  alcohol 

13.6 

3.6 

Methyl  ethyl  ketone 

6.8 

6.8 

MIAK 

...  6.8  - 

6.8 

2-Ethoxyethyl  acetate  

...  — 6.8 

- 

100 

100 

100 

Solids,  % 

. . . 20.12 

20.12 

20.12 

Viscosity,  cp 

...  45 

50 

42 

Wt./gal.,  lb 

. . . 7.45 

7.51 

7.50 

Flow  out 

. . , excellent 

excellent 

excellent 

> Product  of  Rohm  and  Haas  Company  >Product  of  Dow  Corning  Corporation 

■ Product  of  Monsanto  Chemical  Company  *2-Hydroxy'4-dodecyloxy  benzophenone 
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METHYL  HEXYL  KETONE 

Octanone-2  CH3(CH2)5CO ‘CH3 

A colorless  liquid  with  a characteristic  odor,  methyl  hexyl  ketone  is  used  as  a solvent  for  vinyl  compounds 
and  dyes,  and  has  been  found  particularly  suitable  in  dispersing  dyes  in  light  petroleum  oils  for  newsprint 
inks . 


Table  12.21:  Properties  of  Methyl  Hexyl  Ketone  (2) 


Purity 

Specific  gravity  at  20®C. 
Weight  per  gallon  at  20®C. 


95%,  min. 
0.81-0.83 
6-8  lbs. 


METHYL  HEPTYL  KETONE 

MHK  CH3CCH2CH2CHCH2CH2CH3 

5-Methy  l-2-Octanone  q 

Methyl  heptyi  ketone,  a high-boiling,  active  solvent,  imparts  desirable  drying  characteristics  in  many 
high-temperature  baked  coatings. 


Table  12.22;  Properties  of  Methyl  Heptyi  Ketone  (41) 


Molecular  Weight  (C9H18O),  calcd 

142.24 

Color  (Pt-Co  Scale),  ppm 

5-25 

Melting  Point,  °C 

-9 

Acidity,  as  acetic  acid,  wt  % 

0.018 

Boiling  Range,  °C,  760  mm 

183-195 

Water,  wt  7c 

0.01-0.05 

Evaporation  Rate  (n-butyl  acetate  = 

1)'  0.08 

Flash  Point  (Tag  Closed  Cup),  °F  (°C) 

140  (60) 

WeigJit/Vol,  at  20°C 

(Tag  Open  Cup),  °F  (°C) 

160  (71) 

Ib/gal  (U.S.) 

6.87 

Fire  Point,  °F  (°C) 

168 (76) 

kg/liter 

0.83 

Flammable  Limits  in  Air,  7c  by  volume 

Ib/gal  (Imperial) 

8.59 

Lower  (at  1 80°F) 

0.9 

Solubility,  20°C,  wt  7r 

Upper(at313°F) 

5.9 

In  water 

0.5 

Autoignition  Temperature  (ASTM  D-2155),  °F  (°C) 

680  (360) 

Water  in 

0.95 

NFPA  Classification  30: 

Combustible  Liquid, 

Dilution  Ratio,  toluene 

3.0 

Class  III  A 

VM  & P naphtha 

1.0 

ICC  Labels  Required 

None 

Refractive  Index,  20°C 

1.422 

Bureau  Explosives  Classification 

Nonhazard  ous  Liquid 

Solvent 

Evap 

Rate 

Dilution  Ratio 

Blush  Res , 
% RH  @ 
80°F{27°C) 

Sp  Gr 
20'"/20X 

Lb/gal 

@20®C 

Toluene 

VM  & P 
Naphtha 

MAK 

0.4 

3.9 

1.2 

93 

0.815 

6.80 

EKTAS0LVE®£5  Solvent* 

0.1 

3.4 

2.1 

96 

0.902 

MHK 

0.08 

3.0 

1.0 

97 

0.827 

6.87 

Isophorone 

0.03 

6.2 

1 

97 

0.922 

7.68 

*EKTASOL  VL  Y.h(  ethylene  glycol  mo  no  bn  tv  I ether)  is  an  Easnnan  product. 
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ETHYLBUTYL  KETONE 

Heptanone-3  C2H5COCH2CH2CH2CH3 

Ethylbutyl  ketone  is  a stable,  high-boiling  solvent  of  special  value  in  lacquers  and  synthetic  resin  coatings. 
Its  evaporation  rate  in  relation  to  those  of  comparable  solvents  is  indicated  in  the  following  tabulation: 


So)  vent 

Hours 

Methyl  Isobutyl  ketone 

4.5 

Butyl  acetate 

B 

Ethylbutyl  ketone 

14 

Amyl  acetate 

16 

Methylamyl  acetate 

17 

Methylamyl  ketone 

20 

“Cellosolve"  acetate 

38 

Diisobutyl  ketone 

44 

The  unusual  combination  of  good  solvent  power  with  medium  evaporation  rate  makes  ethylbutyl  ketone 
generally  useful  for  coating  solutions  having  adequate  flow  without  unduly  long  drying  time.  It  bakes 
out  of  films  somewhat  faster  than  other  comparable  ketones. 


Table  12.23:  Properties  of  Ethylbutyl  Ketone  (2) 


Boiling  point 
Freezing  point 

Coefficient  of  expansion  at  20®C. 
Flash  point 

Solubility  in  water  at  20®C. 
Solubility  of  water  in  at  20®C. 
Refractive  index  at  20^C . 

Specific  gravity  at  20/20® C . 


147.8®C. 

-36.7®C. 

0.00107 

125®F. 

0,43%  by  wt . 
0,78%  by  wt. 
I. 4085 
0.8197 


ETHYL  AMYL  KETONE 

EAK,  5-Methyl-3-Heptanone 


O 

II 


CHj 


CH3CH2  - C - CH.CHCHjCHj 


Ethyl  amyl  ketone,  a high  boiling  ketone,  is  a 
colorless,  stable  liquid  with  a mild  pleasantodor. 
It  is  compatible  with  alcohols,  ethers,  other 
ketones  and  organic  liquids,  and  in  addition,  ex- 
hibits low  water  miscibility.  Ethyl  amyl  ketone’s 
high  solvency  for  cellulose  esters,  vinyl  polymers 


and  copolymers,  synthetic  and  natural  protective 
coating  resins,  coupled  with  its  slow  evaporation 
rate,  high  blush  resistance  and  good  diluent 
tolerance  makes  it  a valued  surface  coating  raw 
material. 


Table  12.24:  Properties  of  Ethyl  Amyl  Ketone  (14) 


Apparent  specific  gravity.  20/20®C 0.820-0.824 

25/25“  C 0.816-0.820 

Color,  Pt-Co,  Max 25 

Distillation  range,  *C  156-162 


Acidity  (as  acetic  acid),  % w.  Max 0.01 

Water,  «/o  w,  Max 0 15 

Alcohol  (as  ethyl  amyl  carbtnoi),  % w.  Max 0.50 
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DI-n-PROPYL  KETONE 

Heptanone-4,  Bufyrone,  Amyl  Ketone  (CH3CH2CH2)2CO 

Di-n-propyl  ketone  is  a colorless,  stable  liquid  having  a pleosant  odor.  It  is  miscible  with  many  organic 
solvents,  and  dissolves  a wide  variety  of  materials,  some  of  which  are  crude  rubber,  nitrocellulose,  raw 
and  blown  oils,  many  natural  and  synthetic  resins  like  dewaxed  dammar,  manila,  rosin,  ester  gum, 
and  waxes. 

Table  12.25:  Properties  of  Dl-n-Propyl  Ketone  (2) 

Boiling  point 
Coefficient  of  expansion 

Dilution  ratio  ("Kemsolene") 

(Toluene) 

Flash  point  (ASTM  Open  Cup) 

Freezing  point 
Heat  of  combustion 
Latent  heat  of  vaporization 
Solubility  in  water  at  20°C . 

Solubility  of  water  in  solvent  at  20°C 
Specific  gravity  at  20/20®C. 

Refractive  index  at  20°C . 

Specific  heat  at  25®C  . 

Surface  tension  at  25®C. 

Vapor  pressure  at  20®C  . 

Viscosity  at  20®C , 

Weight  per  gallon  at  20®C. 

DIISOBUTYL  KETONE 

Valerone  (C4H9)2CO 

A water-white,  stable  liquid,  miscible  with  most  organic  liquids,  diisobutyl  ketone  has  good  solvency  for 
cellulose  acetate,  nitrocellulose,  vinyl  resins,  waxes,  gums,  natural  and  synthetic  resins,  and  crude  rubber. 
It  is  used  principally  as  a high-boiler  in  nitrocellulose  lacquers  and  vinyl  resin  coatings,  where  its  slow 
evaporation  rate  is  advantageous. 


143. /‘’C. 

0.001073  (per  ®C.)  to  20^C. 
0.001115  (per  ‘^C.)  to  55"C. 
0.8 
3.1 
49°C. 

-32.1°C. 

1051  cal  ./mol 
75.8  cal./g. 

0.53%  by  wt , 

1 .27%  by  wt. 

0.8162 
1 .4068 

0.553  cal./g. 

25.2  dynes/sq.  cm. 

5 .2  mm.  Hg 
0.0074  poise 
6.79  lbs. 


Table  12.26:  Properties  of  Dllsobutyl  Ketone  (41) 

Typical  Properties 


Molecular  Weight  (CyHigO) 

142.23 

Color  (Pi Co  Scale),  max 

20 

Evaporation  Rate  (n<butyl  acetate  1) 
Weight/Vol,  20°C. 

0.2 

lb/gal(U.S.) 

6.76 

kg/liter 

0,81 

Ib/gal  (Imperial) 

8.11 

Solubility,  20°C,  wt  % 

In  water 

0.05 

Water  in 

0.75 

Dilution  Ratio,  toluene 

1.5 

VW  & P naphtha 

0.8 

Refractive  Index,  20°C 

1.4230 

Vapor  Pressure,  20°C,  mm  Hg 

1.7 

Specific  Gravity,  20° /20°C 

0.80743.814 

Boiling  Range,  760  nun,  “C 

imlial  Boiling  Point,  min  163 

Dry  Point,  max  173 

Freezing  Point,  *F  (*C)  -43  (-42) 

Flash  Point,  Tag  Closed  Cup,  *F(^C)  120  (49) 

Tag  Open  Cup.  *F(*C)  131  (55) 

Fire  Point,  “Fi^C)  137  (58) 

Flammable  Limits  in  Air,  % by  volume 

Lower,  at  200“F  (93"C)  0.81 

Upper,  at  200° F(93*’q  7.1 

Autoignition  Temperature  (ASTM  D-2155),  *F  (°C)  745  (396) 

NFPA  Classification  30  II 

DOT  Classification  Combustible  Liquid 

DOT  Labels  Required  None 


(continued) 
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Table  12.26:  (continued) 


Solvent 

Evap. 

Rate 

Blush  Res., 
% R.  H.€> 
80®  F (27®C) 

Solution  Viscosity,  25®C,  cp 

RS.  ’A-Sec 
Cellulose  Nitrate, 
lOWt/% 

FPC 

470  Resin®, 
20  Wt% 

Efvacite 
2010  Resin^, 
20  Wt  % 

Methyl  lioamyt  Ketone 

0.5 

89 

50 

34 

68 

Methyl  Amyl  Acetate 

0.5 

92 

128 

Insol 

Insot 

Isobutyi  1 sob  uty  rate 

0.4 

92 

128 

Insol 

Insol 

Diisobutyi  Ketone 

0.2 

95 

160 

75 

Insol 

^product  of  Firestone  Plastics  Company  ^product  of  E.  /.  du  Pont  de  fi/emours  Co.,  Inc. 


CYCLOHEXANONE 


"Sexfone'',  "Anon",  Pimelin  Ketone,  Keto  Hexamethylene 


=o 


Cyclohexanone  is  a colorless  to  pale  yellow,  stable  liquid  with  an  odor  suggestive  of  peppermint.  It  is  made 
by  the  dehydrogenation  of  cyclohexanol . It  is  miscible  in  all  proportions  with  most  solvents,  especially  the 
common  lacquer  solvents  and  diluents,  hydrogenated  and  chlorinated  hydrocarbons,  phenols,  pyridine,  aixi 
turpentine.  It  is  a good  solvent  for  cellulose  ethers,  esters,  basic  dyes,  latex,  fats,  blown  oils,  waxes, 
crude  rubber,  and  such  gums  and  resins  as  ester  gum,  alkyds,  vinyls,  coumarone,  100%  and  modified  phenol 
resins,  cyclohexanone  resins  and  many  natural  resins.  It  forms  constant-boiling  mixtures  with  camphor, 
tetrachloroethane,  and  trichloropropane . It  has  a very  high  dilution  ratio  as  compared  with  the  coal-tar 
hydrocarbons,  a fact  which  accounts  for  its  excellence  as  a solvent,  especially  in  the  lacquer  industry. 

Its  low  rate  of  evaporation  and  strong  solvent  powers  impart  blush  resistance,  good  flow  and  working  qualities 
to  lacquers  and  give  films  that  are  clear,  smooth  and  glossy  and  show  good  adhesion.  It  is  also  used  in  spray- 
ing and  brushing  lacquers  and  as  a medium  boiler.  It  is  particularly  effective  for  blending  nitrocellulose  with 
spirit-soluble  and  hydrocarbon-soluble  resins  and  oils.  Its  solvency  for  basic  dyes  makes  It  applicable  in 
wood  stains.  Other  uses  are  in  the  air-drying  and  stoving  type  of  synthetic  resins,  in  plastics  and  molding 
powders,  in  paint  and  varnish  removers,  in  spot  and  stain  removers,  in  metal -degreasing  preparations,  in 
polishes,  printing  inks,  as  a leveling  agent  in  dyeing,  in  delustering  cellulose  acetate,  insecticides  and 
pharmaceuticals. 


Table  12.27:  Properties  of  Cyclohexanone  (2) 


Boiling  point 
Color 

Dielectric  constant  at  25**C. 

Evaporation  rate,  approximate  (toluene- 100) 
Flash  point  (open  cup) 

Freezing  point 
Solubility  in  water  at  20^C. 

Specific  gravity  at  20®C, 

Specific  heat  15®  to  18®C. 

Refractive  index 
Viscosity  (SUV  at  100®F.) 

Weight  per  gallon  at  20®C, 

Acidity 

Distillation  range 
Purity 
Residue 
Water  content 


155.6®C. 

Water-white  to  pole  yellow 
18.2 
20 

130®F. 

-45®C. 

8.7% 

0.944-0.950 
0.433  cal  ./g. 

1 .443-1 .451 
33 

7.9  lbs. 

Neutral 

95%  within  151®-157®C. 
98-100% 

0.02% 

0.2%  max. 
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Table  12.28:  Resin  Solubility  In  Cyclohexanone  (19) 


Resin 

Manufocturer 

Viscosity 

at  25°C., 

cps.  (]) 

Toluene 
Di  lution 
(2) 

Heptane 

Dilution 

(2) 

Acrylic 

"Acryloid  ” B*82 

Rohm  & Haas 

32 

>50 

2 

“Elvacite”  2010 

Du  Pont 

54 

>50 

7 

Celiulosics 

Cellulose  Acetate  AB-141-95 

(14%  acetyl) 

Eastman 

9200 

28 

6.5 

Cellulose  Acetate  Butyrate 

EAB-171-2  (17%  butyryl) 

Ea  stman 

892 

34 

9.5 

Cellulose  Acetate  Butyrate 

EAB-381.20  (37%  butyryl) 

Eastman 

5060 

>50 

14 

Ethyl  Cellulose  (N-22,  24  sec.) 

Hercules 

1408 

>50 

23 

Half  Second  Butyrate  AB-H 

Eastman 

242 

>50 

17 

"Hercose*'  “C"  Type  A 

Hercules 

806 

38 

8.5 

Nitrocellulose  (RS  1 '2  sec.) 

Hercules 

218 

>50 

10.5 

Styrene 

Polystyrene 

-- 

96 

>50 

24 

SMA  4000A 

Sinclair 

19 

>50 

14.5 

Vinyl 

BAKELITE  Vinyl  Resin  AYAF 

ucc 

74 

>50 

7 

BAKELITE  Vinyl  Resin  VYHH 

ucc 

68 

>50 

14.5 

BAKELITE  Vinyl  Resin  XYHL 

ucc 

(3) 

- 

- 

"Saran"  F-120  (1000  cps.) 

Dow 

484 

21 

6.5 

Epoxy 

BAKELITE  Epoxy  Resin  EKR  2002 

UCC 

21 

>50 

9.5 

Uretha  ne 

•'Estane”  5701F1 

Goodrich 

282 

14 

4.5 

“E  stone ' ’ 5707F 1 

Goodrich 

388 

6 

2 

Rosin-Ester 

*'Amberol ' ' 801  LT 

Rohm  & Haas 

14 

>50 

19 

“Cellolyn”  104 

Hercules 

20 

>50 

<1 

Melamine-Formoldehyde 

“Cymel  ” 300 

Am.  Cyanamid 

16 

>50 

>50 

Alkyd 

“Beckosol "ft  7 

Reichhold 

28 

>50 

47 

"BeckasoT’  ;/31 

Reichhold 

25 

>50 

>50 

Rubber 

"Porlon”  S-20  (18  cps.) 

Hercules 

46 

>50 

22 

“Pllolite"  S-5 

Goodyear 

56 

>50 

30 

Phenolic 

BAKELITE  Phenolic  Resin  BKR  2620 

UCC 

23 

16 

5.5 

Phenoxy 

BAKELITE  Phenoxy  Resin  PKHH 

UCC 

Insoluble 

- 

(1)  1C  grams  resin,  90  grams  cyclohexanone 

(2)  10  grams  of  10%  resin  solution,  titrated  with  diluent  (in  ml.) 

(3)  Partially  soluble 
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METHYL  CYCLOHEXANONE 

Methyl  “Anon",  "Sextone"  B 


Methyl  cyclohexanone  is  a water-white  to  pale  yellow  liquid  with  an  acetone-like  odor . It  is  a mixture  of 
two  isomeric  cyclic  ketones  made  by  the  dehydrogenation  of  methyl  cyclohexanol  . It  closely  resembles 
cyclohexanone  in  its  physical  properties,  miscibility,  tolerance  for  non-solvents  and  solvent  action.  It 
differs  from  cyclohexanone  in  its  somewhat  slower  evaporation  rate  and  lower  dilution  ratios  with  aromatic 
hydrocarbons.  Methyl  cyclohexanone  is  especially  suitable  for  pher>olic  and  alkyd  resins,  crude  rubber, 
nitrocellulose,  ester  gum  and  kauri.  It  is  also  an  excellent  agent  for  blending  pyroxylin  with  resins,  oils 
and  rubber  in  lacquers.  It  is  used  in  crystalizing  lacquers,  where  its  low  evaporation  rate  retards  evapora- 
tion sufficiently  to  permit  crystal  growth.  It  is  also  used  in  slow-setting  varnish  removers  and  in  rubber 
cements. 


Table  12.29:  Properties  of  Methyl  Cyclohexanone  (2) 


Boiling  point 

Evaporation  rate  (approximate)  (toluene 
Flash  point 
Freezing  point 
Refractive  index  at  25®C, 

Solubility  in  water  at  20®C. 

Specific  gravity  at  25/4®C. 

Viscosity  (SUV  at  100®F.) 

Weight  per  gal  Ion 
Distillation  range 

Purity 
Residue 
Water  content 


169.0®-170.5®C. 

100)  20 

53®C, 

-70®C. 

1 .442-1.446 
2-3% 

0.910-0.914 

33 

7.6  lbs. 

165.0® -172°C. 

95%  distills  within  3.0® 
98-100% 

None 

0.2%,  max. 


METHYL  ACETONE 

Methyl  Ketone 

Methyl  acetone  is  a clear,  colorless,  flammable,  volatile  liquid,  obtained  from  the  product  of  the  de- 
structive distillation  of  wood.  Although  it  varies  in  composition  It  is  generally  composed  of  acetone  35  to 
60%,  metharx>l  20  to  40%,  and  methyl  acetate  20  to  30%. 
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DIACETONE  ALCOHOL 

Diacetone 

4-Hydroxy-4-Methy)pentanone“2 
"Pyranton  A" 

Diacetonyl  Alcohol 

Diacetone  alcohol  is  a flammable  liquid  that  is  colorless  when  pure,  becoming  yellow  on  aging;  it  has  a 
mint-like  odor.  Made  by  the  condensation  of  acetone,  the  commercial  product  contains  up  to  15%  of 
acetone.  For  this  reason  the  technical  product  is  superior  in  its  solvent  power  to  the  acetone-free  grade. 

It  is  miscible  with  most  organic  liquids,  as  well  as  with  water.  It  is  a good  solvent  for  cellulose  acetate, 
nitrocellulose,  cellulose  acetobutyrate,  cellulose  acetopropionate,  hydrocarbons,  oils,  fats,  resins,  gums 
and  dyes.  It  has  only  limited  solvency  for  dammar  gum,  polyvinyl  acetate  and  the  petroleum  resins.  A 
high-boiling  solvent,  diacetone  alcohol  also  exhibits  the  desirable  properties  of  reducing  the  viscosities 
of  organic  solutions  of  high  solids  content,  and  of  minimizing  temperature  effects  on  viscosities.  In  most 
respects  it  is  quite  similar  to  acetone  with  the  exception  of  a very  much  slower  rate  of  evaporation 

It  is  used  in  cellulose  ester  lacquers,  particularly  of  the  brushing  type,  where  it  produces  brilliant  gloss 
and  hard  film  and  where  its  lack  of  odor  is  desirable.  It  is  used  in  lacquer  thinners,  dopes,  wood  stains, 
wood  preservatives  and  printing  pastes;  in  coating  compositions  for  paper  and  textiles;  in  making  artificial 
silk  and  leather;  in  imitation  gold  leaf;  in  celluloid  cements;  as  a preservative  for  animal  tissue;  in  metal- 
cleaning  compounds;  in  the  manufacture  of  photographic  film;  and  in  hydraulic  brake  fluids,  where  it  is 
usually  mixed  with  an  equal  volume  of  castor  oil 

Diacetone  alcohol  is  available  in  two  grades:  technical,  containing  up  to  15%  acetone,  and  acetone-free. 


O OH 

II  I 

CH,-C-CHj-C-CH, 


CH, 


Table  12.30:  Physical  Properties  of  Acetone-Free  DIacetone  Alcohol  (2) 


Boiling  point  at  760  mm. 

167. 9°C. 

Coefficient  of  expansion  (Cubical) 

0.000533  per  °F. 

Color 

Water-white  to  light  straw 

Flash  point  (open  cup) 

144°F. 

Heat  of  combustion 

8,601  cal./g. 

Melting  point 

-47^C. 

Specific  gravity  at  20/20°C. 

0.937-0.946 

Refractive  index  at  20®C. 

1 .4235 

Viscosity  (Saybolt) 
1 13  seconds  at 

-12<^C. 

674  seconds  at 

-30°C. 

1, 980  seconds  at 

-48°C. 

Weight  per  gallon  at  20°C. 

7.83  lbs. 

Acidity  (as  acetic) 

0.05% 

Distillation  range  at  760  mm. 
Below  135°C. 

None 

Below  158°C. 

Not  more  than  5% 

Above  170°C. 

None 

Nonvolatile  matter 

0.005%  by  wt.  (max.) 

ACETONYL  ACETONE 

Hexanedione-2,  5 (CH3 *CO *CH2)2 

Acetonyl  acetone,  a diketone,  is  a water-white  liquid  with  an  agreeable  odor.  It  is  completely  soluble  in 
water,  almost  entirely  soluble  in  such  substances  as  toluene,  kauri  gum  and  rosin,  and  only  partly  soluble  in 
raw  linseed  oil,  shellac,  dewaxed  dammar  and  ester  gum.  It  has  been  suggested  as  an  intermediate  in  the 
manufacture  of  rubber  accelerators,  dyes,  inhibitors,  insecticides,  and  pharmaceuticals  and  for  the  preparatu 
of  derivatives  of  thiophene,  furan  and  pyrrole.  It  may  also  be  employed  in  tanning  hides  and  skins. 
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Table  12.31:  Properties  of  Acetonyl  Acetone  (2) 

191. 4®C. 

1.8 

158®F. 

0.9710-0.9760 
Complete 
0.5  mm.  Hg 
8.10  lbs. 

0.020%  by  wt.,  mqx . 
185®  to  195®C. 

98.0%  by  wt.,  min. 
Miscible  with  19  vol . 60® 
gasoline  at  20®C . 


MESITYL  OXIDE 

4-Methyl -3-Pentenone-2 
Isopropyl  idone  Acetone 
Methyl  Isobutenyl  Ketone 

Mesityl  oxide  is  on  unsoturoted,  medium-boiling  ketone  mode  by  the  dehydration  of  diacetone  alcohol . 

It  is  a colorless  to  straw-yellaw,  oily  liquid  with  a peppermint-like  odor.  It  will  darken  and  form  a solid 
residue  on  exposure  and  aging.  It  is  miscible  with  most  organic  liquids  and  it  is  a good  solvent  for  such 
substances  as  nitrocellulose,  ethylcellulose,  low-viscosity  cellulose  acetate,  polyvinyl  chloride,  vinyl 
resins,  hydrocarbons,  raw  linseed  oil,  kauri  gum,  rosin,  ester  gum  and  synthetic  rubber.  It  will  only  partly 
dissolve  shellac  and  dewaxed  dammar. 

Mesityl  oxide  is  used  in  lacquers  and  thinners  where  its  presence  in  the  solution  lowers  the  viscosity  and 
gives  it  both  a high  tolerance  for  hydrocarbons  and  resistance  to  humidity.  Its  excellent  solvent  power  for 
gums  and  resins  is  especially  applicable  in  vinyl -type  resins,  where  it  produces  films  that  are  tough,  glossy 
and  have  good  flow;  its  presence  permits  use  of  larger  proportions  of  aromatic  hydrocarbon  diluents. 


(CH3)2C=CH-C0-  CH3 


Boiling  point 
Dilution  ratio  (xylene) 

Flash  point 

Specific  gravity  at  20/20®C. 
Solubility  in  water  at  20®C, 
Vapor  pressure  at  20®C. 
Weight  per  gallon  at  20®C. 
Acidity  (as  acetic) 

Boiling  range  at  760  mm. 

Purity 

Water 


Table  12.32:  Properties  of  Mesityl  Oxide  (2) 

Boilir^  point  at  760  mm. 

Coefficient  of  expansion 
Color 

Dielectric  constant  at  20®C. 

Flash  point  (Tag  closed  cup) 

Heat  of  combustion 
Meat  of  vaporization 
Melting  point 

Solubility  in  water  at  25®C. 

Solubility  of  water  in  solvent  at  20®C. 
Specific  gravity  at  20/50®C. 

Specific  heat  (21  -121®C.) 

Refractive  index  at  20®C. 

Vapor  pressure  at  20®C . 

30®C. 

40®C. 

Viscosity  at  25®C. 

Weight  per  gallon  at  20®C. 

Acidity  (as  acetic) 

Distillation  range  (ASTM) 


Purity 

Water 


129. 5®C. 

0.000599  per  ®F. 

Straw -yellow 

15.4 
83®  F. 

846.7  Cal . per  mol 
85.9  cal  ./g. 

-59®C, 

3.4%  by  vol . 

3 ,4%  by  wt . 

0.853  - 0.856 
0.521  cal./g. 

1.4456 
8.0  mm.  Hg 
14,3  mm.  Hg 

24.5  mm.  Hg 
8.79  millipoises 
7.12  lbs. 

0.05%,  max. 

Below  120®C.  None 
Above  135®C.  None 

More  than  95%  distills  over  be- 
low 131®C. 

95%  by  wt,,  min. 

Miscible  without  turbidity  with  19  vols. 
of  60®  Be  gasoline  at  20®C. 

(approx,  0.20%  by  wt.) 
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ISOPHORONE 


3, 5, 5-Trimefhylcyclohexene-2-one-l 


(CH3>2 


Isophorone  is  a stable,  colorless,  volatile  liquid  with  a mild  odor.  It  is  only  slightly  soluble  in  water,  but 
miscible  with  most  lacquer  solvents.  It  is  an  excellent  solvent  for  many  types  of  cellulose  esters,  cellulose 
ethers,  oils,  fats,  gums  and  resins,  both  natural  and  synthetic.  It  is  the  most  powerful  solvent  for  nitro- 
cellulose and  "Vinyl ite"  resins.  Isophorone  has  one  of  the  highest  aronxitic  hydrocarbon  dilution  ratios  for 
nitrocellulose— 5.7  for  toluene  and  5.1  for  xylene.  It  will  dissolve  30%  of  "Vinyl ite"  resin  without  gelling. 
At  ordinary  temperatures  solutions  can  be  made  of  1/2  second  RS  nitrocellulose  containing  45%  solids, 
isophorone  is  used  in  the  manufacture  of  coatings,  inks,  stencil  pastes  and  as  a thinner  in  synthetic  resin 
finishes. 


Table  12.33:  Properties  of  Isophorone  (2) 

Boiling  point  at  760  mm. 

Dilution  ratios 
Toluene 
Xylene 
"Tro/uotl " 

Mineral  spirits 
Flash  point  (open  cup) 

Freezing  point 
Solubility  in  water  at  20®C. 

Solubility  of  water  in  solvent  at  20®C. 
Specific  gravity  at  20/20 ®C  . 

Vapor  pressure  at  20  ®C. 

Weight  per  gallon  at  20®C. 

Acidity  (as  acetic) 

Distillation  range  at  760  mm. 

Color 

Purity 

Water  content 


215. 2®C. 

5.7 
5.1 
1.0 
0.7 
205® F. 

-8.1  ®C. 

1 .2%  by  wt. 

3.8%  by  wt. 

0.9200  - 0.9250 
0.25  mm.  Hg 
7.68  lbs. 

0.02%  by  wt.,  max. 

205®-220®C. 

Not  darker  than  0.05  g . 

K2Cr20y  per  I . of  water 
98.0%  by  wt.,  min. 

Miscible  with  19  vol . 60®  Be 
gasoline  at  20®C . 


FENCHONE 


Fenchone  is  a liquid  ketone  closely  resembling  camphor. 

=o 

c 

:h2 

(CH3)2 

Table  12.34:  Properties  of  Fenchone  (2) 

Boiling  point 

191, 0®C, 

Distillation  Range 

Dilution  ratio: 

(Colculated  from  50:50  Min.  Spirits) 

with  coal-tar  naphtha 

1 .3  final  cone . 8.0 

with  hi-flash  naphtha 

1 .2  final  cone.  8.2 

5% 

193.0®C. 

Kauri -butanol 

All  proportions  in  50% 

10% 

193. 4®C. 

sol  .with  mineral 

20% 

193. 8®C. 

spirits  131 

40% 

194. 2®C. 

Optical  activity 

+ 7.4 

60% 

194.5®C. 

Refractive  index  at  20®C. 

1 .4625 

80% 

195. 4®C. 

Specific  gravity  at  15.5®C  . 

0.9457 

90% 

196. 0®C. 

Aniline  point  (— ) 

54®C. 

95% 

197. 5®C. 
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BETA-PROPIOLACTONE 

BPL 


y — CH2-CH2~C=0 

OH 


CH2-CH2~C=0 


^ difunctionality  ^ 


H0CH2-CH2~C=0 

V 

N 

N 

y 


Beta-Proplonic  Acid  Derivatives 


Hydracrylic  Acid  Derivatives 


Table  12.35:  Physical  Properties  of  Beta-Proplolactone  (42) 


Physical  state 

Liquid 

Color 

Colorless 

Odor 

Pungent,  acrylic 

Boiling  point  at  10  mm  Kg,  deg  C 

51 

100  mm  Hg 

100.0 

400  mm  Hg 

139.7 

760  mm  Hg 

162.3 

Melting  point,  deg  C 

—33.4 

Refractive  index  n^° 

1.4131 

Specific  gravity,  20/20  C 

1.1490 

Pounds  per  gallon  at  20  C 

9.56 

Flash  point,  Tag  open  cup,  deg  F 

165 

Solubility:  BPL  is  miscible  at  room  temperature  with  most  organic 
solvents  such  as  ether,  alcohol  (reacts),  benzene,  acetone,  and  acetic  acid. 
Solubility  in  water  at  25  C is  37  per  cent  by  volume,  with  moderately  fast 
hydrolysis  to  hydroxypropionic  (hydracrylic)  acid. 

GAMMA-BUTYROLACTONE 

g- 

Gamma  ~bu  tyro  lac  tone  is  a powerful  solvent  and  undergoes  many  reactions  that  moke  it  of  considerable 
interest  in  synthesis.  It  is  o colorless  hygroscopic  liquid  over  a wide  temperature  range.  It  is  soluble 
in  acetone,  benzene,  carbon  tetrachloride,  ethyl  ether,  methanol,  monochlorobenzene  and  water  in 
all  proportions. 


Table  12.36:  Properties  of  Gamma-Butyrolactone  (49) 


Appearance 

. .clear  liquid 

Color  (APHA) 

. .40 

Purity 

. .99.5%  min. 

Moisture 

. .0.1%  max. 

Free  acid,  as  hydroxy  butyric  . 

. .0.t%  max. 

Molecular  weight 

. .86 

Boiling  point 

. ,204®C 

Freezing  point 

. 44°C 

Viscosity  (25®C) 

. .1.7cp 

specify  gravity  (d”) 1 . 1 24 

Flash  point,  tag  closed  cup  . . . 93®C  (200°F) 

Fire  point 99°C  (210°F) 

pH  (10%  aqueous  solution) . . . .4.5 

Refractive  index  (n^‘) 1 435 

Heat  of  vaporization, 

Clausius-Ctapeyron 

(calc) I33cal/g 

Heat  of  solution . 598cal/mol 


Heat  of  combustion 492  kcal/mol 

Specific  heat  (25®C) 0.40  cal/g/®C 

(60°C) 0.45  cal/g/®C 

Oielectrfc  constant  (20  ®C) 39 

Critical  pressure 500  psi 

(35  kg/cm*) 

Critical  temperature 436 °C 


Solubility;  soluble  in  acetone,  benzene,  carbon 
tetrachloride,  ethyl  ether,  methanol, 
chlorobenzene,  and  water  in  all  proportions. 

(continued) 
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Table  12.36:  (continued) 


Vapor  Pressure  of  Butyrolactone 
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Table  I.  Percentage  of  Butyrolactone  Hydrolyzed 
under  AcidConditiona  at  Function  of  Time,  Temperature,  and  Concentration 


Concentration 

Time  (hours) 

(%) 

1 

3 

5 

24 

BLO 

Dilute 

HCI 

Room 

Temper- 

ature 

65®C 

Room 

Temper- 

ature 

65*C 

Room 

Temper- 

ature 

65«C 

Room 

Temper- 

ature 

65*C 

99 

1 

— — 

— 

0.34 

— 

0.54 

— 

0.56 

98 

2 

0.32 

0.24 

0.97 

0.42 

1.18 

0.97 

1.21 

95 

5 

— 

0.73 

0.49 

235 

0.68 

253 

1.94 

3.11 

90 

10 

— 

1.23 

0.59 

4.43 

0.99 

4.87 

3.14 

5.95~ 

80 

20  ~ 

0.28 

2.17 

1 02 

8 15 

1 62 

9 15 

5 52 

1095 

50 

50 

0.92 

6.48 

~~2’57 

15.98 

~ 4.07~  ” 

17.92 

12.10 

18.41 

BUTYROLACTONE  refers  to  gamma  butyrolactone 


Table  II.  Percentage  of  Butyrolactone  Hydrolyzed  at  pH  7 
at  Function  of  Time  and  Concentration* 


Concentration  (%)t 

Time  (hours) 

BLO 

H.O 

a 

24 

4a 

80 

20 

— 

0.33 

1.7 

50 

50 

1.7 

11.1 

17.4 

*Tests  were  conducted  at  65**C.  No  observable  hydrolysis  was  detected  at  room  temperature. 
tAt  concentrations  of  up  to  10  per  cent  water,  no  hydrolysis  was  observed  in  46  hours. 


(continued) 
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Table  12.36:  (continued) 


Table  III.  Bunsen  Coefficients  of  Butyrolactone 
(cc  gas/cc  solvent  converted  to  STP) 


Gas  25X  45°C  75*^0 


Hydrogen  0.12  0 0 

Carbon  Monoxide  0.09  0.044  0 

Carbon  Dioxide  3.6  2.7  1.1 

Methyl  Acetylene  37.8  12.5  10.8 

Acetylene  11.8  8 1.45 

Vinyl  Acetylene  145.1  f27“o  33.1  23.1  f73®a 


Table  IV.  Solubilities  of  Compounds  in  Butyrolactone 
Compound  ^ So*"**"® 

Acrylonitrile,  (high)  spec.  vis.  8.5" 

Acrylonitrile,  (low)  spec.  vis.  3.18“ 

Acrylonitrile,  (low)  spec.  vis.  2.45* 20^ 

Acrylonitrile,  (low)  spec.  vis.  2.1 1* 20** 

"Amberor’  Resin  820  (Rohm  & Haas) 50 

*'Aroclor*‘  (60%  Cl),  chlorinated  biphenyl  (Monsanto) 50 

Cellulose  Acetate 

Cellulose  Acetate  Butyrate ‘•0 

Cellulose  Acetate  Propionate ^0 

Cellulose  Nitrate  

“Clorafin”  (70%  Cl),  chlorinated  paraffin  (Hercules  Powder) 50 

DDT 50 

"Epon”  1007,  epoxy  resin  (Shell  Chemical) 25 

“Epon”  1009,  epoxy  resin  (Shell  Chemical) 25 

Ester  Gum 50" 

Ethyl  Cellulose 25" 

“Formvar/’  polyvinyl  formal  resin  (Monsanto) > 5 

“Geon”  Polyblend,  polyvinyl  chloride  (Goodrich) >10" 

“Geon”  102,  polyvinyl  chloride  (Goodrich) > 5" 

“Geon"  202,  polyvinyl  chloride  (Goodrich) >10" 

HET  Anhydride 50' 

Methyl  Methacrylate  Polymer 25 

Methyl  Vinyl  Ether  Polymer 50 

“Neolyn”  23  Resin  (Hercules  Powder) 50 

"Parlon,"  chlorinated  rubber  (Hercules  Powder) >25 

Polyvinyl  Butyral 25" 

Pyromellitic  Acid  20 

“Saran”  F-120,  vinylidene  chloride  (Dow  Chemical) >10 

Shellac  25 

Polystyrene >25 

Vinyl  Acetate  Polymer >25 

1-Vinyl-2-Pyrrolidone  Polymer >25 

9-Vinylcarbazole,  Monomer  and  Polymer >25 

“Vinylite”  VYNW,  vinyl  chloride  resin  (Union  Carbide) > 5" 

“Vinylite,”  XYSG,  vinyl  resin  (Union  Carbide) 10" 

• 1 gram  polymer  dissolved  in  100  ml  BLO. 

b Heated  for  1 hour  at  100®C.  and  then  cooled  to  room  temperature, 
c Solubility  after  1 hour  at  100®C. 


BUTYROLACTONE  refers  to  gamma  butyrolactone 


COMPARATIVE  DATA 


Table  12.37;  Ashland  Ketones  (69) 


PRODUCT 

LB./GAL. 
20°  C 

SP.  GR. 
20°/20°C 

Acetone 

6.59 

0.790 

Methyl  Ethyl  Ketone 

6.71 

0.806 

Methyl  Propyl  Ketone 

6.72 

0.807 

Methyl  Isobutyl  Ketone 

6.67 

0.802 

Methyl  Isoamyl  Ketone 

6.78 

0.813 

Diacetone  Alcohol,  A.F. 

7.82 

0.939 

Methyl  Amyl  Ketone 

6.80 

0.818 

Cyclohexanone 

7.88 

0.946 

Diisobutyl  Ketone 

6.75 

0.809 

Isophorone 

7.68 

0.922 

’ n-Butyl  Acetate  = 1 


BOILING  RANGE 


FL.  PT. 


°C  °F 


55-56  131-133 

78-81 172-178 

101-105  214-221 

114-117  237-243 

141-148  286-298 

145-172  293-342 

147-154  297-309 

156-158  313^16 

163-173  325-343 

210-218  410424 


TCC 


24 

— 

— 

98 


126 

102 

111 


120 


0.40 


I 

I 


< 


Table  12.38:  Chemcentral  Ketones  and  Miscellaneous  Active  Solvents  (67) 


KETONES  & 

MISC.  ACTIVE  SOLVENTS 

CAS 

Mole 

Weight 

...I..  1 

% 

Purity 

Comm. 

Prod. 

Spec 

Gray. 

(&) 

20/20®C 

Lbs/ 

Qal. 

20‘’C 

Coell 

ol 

ERpan. 
Par  «C 

A Bp.  Qr. 

Refrac- 

tive 

Index 

«20«C 

DIsllllatlon  Range 
^ 760  mm  Hg 

Vapor 
Preu. 
6 20®C 
mm  Hg 

®C 

•F 

ACnONF 

67  64  1 

58  08 

99  5 

0 792 

6 59 

000151 

55  5 56  5 

132  134 

185  0 

cyclohexanone 

108  94  1 

98  14 

99  8 

0 948 

7 89 

0.00091 

HkI 

Bll 

154  157 

309  315 

7 oT30°) 

DIACETONC  At  COHOL,  A F 

123-42-2 

1 1G  16 

99 

7 82 

0CM)100 

1 4234 

145  172 

295  342 

10 

DltSOBUTYL  KETONE  (DIBK) 

108  83  a 

95 

0 R08 

672 

0.00105 

9 

1 4230 

163  173 

325-343 

1 4 

DIMETHYL  FORMAMIOE  (DMF) 

68  12'2 

7.92 

0.00100 

Ka 

1.4269 

2.6 

FURFURAL 

98  01-1 

9608 

98 

9 68 

91 1 fir  1 9 

17 

ISOPHORONE  ^ 

78-59  1 

138  20 

98 

7 68 

0.00087 

00058 

215  220 

418-428 

9^^9 

MtTt^Yl  AMYL  KETONE  (MAK) 

110-43-0 

114  19 

6 80 

149  151 

300-304 

METHYL  ETHYL  KETQNE  (MEK) 

78  93  3 

99  9 

6 71 

OjObT28 

79-80 

174-176 

METHYL  ISOAMYL  KETONE  (MIAK) 

110-12-3 

1LU1 

07.5 

MEOEHi 

Ksa 

9^91 

141-148 

267-297 

METHYL  ISOBUTYL  KETONE  (MIBK) 

108-10  1 

100  16 

99  8 

0 802 

6 67 

0.00120 

00078 

1 3958 

114  117 

237-243 

16  0 

METHYL  n PROPYL  KETONE  (MPK) 

107-87-9 

86  13 

99 

0 808 

6.73 

0 00125 

.00082 

1 3895 

97-107 

206-225 

26  9 

TETHA  HYDRO  FURAN  (THF) 

109  99  9 

72  10 

0 888 

7.40 

1 4073 

65-67 

149-153 

^ 45  0 

2-NITROPHOPANE  {NiPar*  ‘ S-20) 

79-46-9 

89.09 

94 

0 992 

8.24 

0.00104 

1 3941 

119-122 

246-252 

12.9 

KETONES  & 

MISC.  ACTIVE  SOLVENTS 

Evap. 

Rale 

vs. 

B.  Acel.  = 1 

SolubI 

Wl.^ 

lly%by 

fo®c 

Dilution 

Ratio 

BL  Rea. 
%Rel. 
Hum. 

eao^F 

V.6% 

Nce 

26®C 

CP8 

Freeze 

Point 

•c 

Flesh 

Point 

TC.C. 

®F 

Explosive 
Limits  % by 
Vol.  In  Air 

Sdu- 

Mlly 

Param- 

eter 

In  H,0 

O1H,0 

Toluol 

Lectol 

Lower 

Upper 

ACl TONF 

7.7 

oo 

t > ) 

4 6 

0.7 

< 20 

12 

95 

4 

26 

12  8 

10.0 

CYCLOHEXANONE 

0 31 

2 3 

80 

6 1 

12 

92 

76 

47 

129 

1.1 

8.6 

9 7 

niACE  TONE  At  COH01  A f 

0 14  J 

oo 

3 0 

05 

76 

130 

-42  8 

126 

1.8 

69 

9.2 

DtlSOHUTYL  KETONE  {OIOK) 

02 

005 

0 75 

15 

0.8 

95 

68 

-41  5 

120 

08 

6.2 

7.8 

DIMETHYL  FORMAMIOE  (DMF) 

0.17 

OO 

OO 

-61 

136 

2.2 

16.2 

EUHf  URAL 

8 3 

48 

-36  5 

152® 

2.1 

19.3 

ISOPHORONE 

0 03 

12 

4 3 

6 2 

1.2 

^TiT  ~ 

-bT 

179 

0.8 

3.8 

9.1 

METHYL  AMYL  KETONE  MAK 

0.4 

b 46 

1 31 

39 

12 

93 

26 

9.0 

METHYL  ETHYL  KETONF  ;MfK 

4.6 

27  0 

12  5 

4‘3 

0.9 

45 

14 

86  9 ” 

2Y~ 

1.8 

10.0 

9.3 

METHVL^I^^^  (MIAK) 

0.S 

0.5 

1.2 

4.1 

1.2 

89 

27 

96 

METHYL  ISOBUTYL  KETONE  MIHh 

1.6 

2.0 

1 0 

35 

1.0 

78 

23 

-80  3 

60 

1.2 

B.4 

METHYL  n PROPYL  KETONE  MPK 

2.5 

4.3 

3 3 

3 9 

10 

70 

16 

-77  5 

45 

14 

7.5 

8.9 

TETRA  HYDRO  FURAN  OHE 

6.3 

oo 

oo 

28 

1.0 

50 

22 

4 

2.0 

11.8 

9.9 

2 NITROPROPANE  (NiPar*  * S 20 

1.10 

17 

0 6 

12 

0.4 

82 

64 

- 163'  ~ 

82 

26 

9.1 

Trademark  Angus 


*Tag  Open  Cup  Flosh  Poinl 


25‘’C 
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Table  12.39:  Eastman  Chemical  Ketones  (41) 


Evaporation 

Rate 

O'BuOAc  = 1 

Lb/ 
Gat  @ 
20 

Color 

Pt-Co 

Max 

specific 
Gravity  ® 
20®/20®C 

Acidity,  as 
Acetic  Acid 
Max  Wt 

Boiling 

Range 

Freezing 

Point 

OC 

Flash  Point 
TCC 
«c  rF) 

Assay 
Min  Wt 

Acetone 

CHaCOCHa 

5.7 

6.59 

5 

0.792 

0.004 

55-57 

-95 

-20  (-4) 

99.5 

Methyl  n-Propyl  Ketone 
(MPK)* 

CHaCOC3H7 

2.3 

6.74 

15 

0.810 

0.02 

101-105 

-86 

8(46) 

90.0 

Methyl  Isobutyi  Ketone 
(MIBK)* 

CHjCOCH2CH(CH3)2 

1.6 

6.67 

10 

0.802 

0.01 

114-117 

-84 

16  (60) 

99.0 

Methyl  Isoamyl  Ketone 
(MIAK)* 

CHjCOC2H4CH(CH3)2 

0.5 

6.76 

10 

0.813 

0.02 

141-148 

-74 

36  (96) 

98.0 

Methyl  n-Amyl  Ketone 
(MAK)*'" 

CH3COC5H,, 

0.4 

6.80 

10 

0.818 

0.02 

147-154 

-33 

39  (102) 

98.0 

Diisobutyl  Ketone  0.2 

(DISK) 

(CH3)2CHCH2COCH2CH(CHa)2 

6.76 

20 

0.811 

0.02 

163-176 

-42 

49  (120) 

EASTMAN^  C-^^  Ketone 

0.02 

7.02 

75 

0.84 

0.10 

175-250 

-8 

84  (184) 
(seta-flash) 

— 

^Urethane  grade 
^Kosher  certified 


Table  12.40:  Exxon  Ketones  (8) 


Distillation  Range,  ’’C 
Specific  Gravity,  20V20“C 
Viscosity  @ 25®C,  cp 
Vapor  Pressure  @ 20®C,  mmHg 
Density  @ 20*^0,  Ib/gal 
Flash  Point,  TCC  "C* 

Acidity,  wt  % MAX** 

Evaporation  Rate,  n-BuAc=100 
Purity,  wt  % (MIN) 

Hildebrand  Solubility  Parameter 
Surface  Tension  @ 20®C,  dynes/cm 
Water  Content,  wt  % (MAX) 

Water  Solubility  @ 25°c,  wt  % 

In  water 

Water  in 

Inhalation  TLV*** 

CAS  Registry  Number 

*Tag  Closed  Cup,  ASTM  D 56  **As  acetic  acid 


Methyl  Ethyl 

Methyl  Isobutyl 

Ketone 

Ketone 

79-81 

114-117 

0.81 

0.80 

0.4 

0.6 

80 

15 

6.71 

6.68 

21 

62 

0.003 

0.01 

572 

165 

)99.5 

)99.0 

9.3 

8.6 

25 

24 

0.1 

0.1 

26.3 

1.7 

11.8 

1.9 

200 

50 

78-93-3 

108-10-1 

***Threshold  Limit  Value  is  a registered 
trademark  of  the  ACGIH 
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Table  12.41:  Hoeehat-Celanese  Ketones  (42) 


Physical  Properties 


Airtoignition  Temperature,  ®C 

515.5 

Heat  of  Combustion,  kg-cal/g  mde 

582.3 

Boiling  Point  at  760  mm  Hg,  ®C 

79.6 

Heat  of  Fusion,  cal/g  mole 

1.78 

Boiling  Point  at  760  mm  Hg,  ®F 

175.3 

Heat  of  Vaporization,  btu/lb  at  20®C 

212.4 

Coefficient  of  Thermal 

Molecular  Weight 

72.11 

Expansion  per  ®C  at  20®C 

1.126x10-3 

Refractive  Index,  n^ 

1.3787 

Ciitcal  Pressure,  atmospheres 

41.0 

Solii>ility  at  20®C  at  wt  % in  water 

26.8 

Critical  Temperature,  ®C 

252.5 

water  in 

12.5 

Dielectric  Constant,  20®C 

15.45 

Specific  Giavity,  2012QPC 

0.8062 

Evaporation  Rate  (BuAc  = 1) 

5.7 

Specific  Heat  of  Liquid,  at  20°C,  cal/g 

.525 

Rammabie  Limits 

Surface  Tension  at  20®C,  dynes/cm 

24.6 

(lower  limit,  vol  %) 
(upper  limit,  vol  %) 

2.0 

11.0 

Vapor  Density  (air=  1) 

2.5 

Rash  Point,  Tag  Open  Cup,  ®F 

30 

Vapor  Pressure,  at  20®C,  mm  Hg 

77.5 

Tag  Closed  Cup,  ®F 

20 

Viscosity  at  25®C,  centipoise 

0.40 

Freezing  Point,  ®C 

-86.7 

Weight,  pounds  per  gallon  at  20®C 

6.71 

Table  12.42:  Shell  Chemical  Ketones  (14) 


Typical  properties  of  the  compounds 


Acetone 

Methyl 

ethyl 

ketone 

Methyl 

Isobutyl 

ketone 

DIacetone 

alcohol 

Molecular  weight 

58.080 

72.108 

100.162 

116.162 

Specific  gravity  (apparent) 

60/60*  F 

0.7967 

0.8105 

0.8055 

0.9441 

20/20*0 

0.7925 

0.8065 

0.8022 

0.9409 

25/25*C 

0.7879 

0.8023 

0.7986 

0.9374 

Weight  per  U.S  gallon  (in  air) 

60*  F 

6.636 

6.750 

6.709 

7.863 

20*  C 

6.595 

6.711 

6.676 

7.830 

25*C 

6.549 

6.668 

6.638 

7.792 

Bolling  point  @ 760  mm 

*C 

56.13 

79.64 

116.2 

169.2 

*F 

133.03 

175.26 

241.16 

336.6 

Bolling  point  change 

*C/mm  @ 760  mm 

0.0385 

0.04 

0.046 

0,075 

Vapor  pressure  @ 20*  C.  mm 

185.95 

70.21 

14.96 

0,81 

Freezing  point  @ 760  mm.  *C 

-94.897 

-86.69 

-83.5 

-44. 

Refractive  Index  n 

n 

1.35900 

1.37880 

1.3957 

1.4234 

Heat  of  vaporization 

cal/g  @ 760  mm 

122.09 

105.95 

82.50 

90.0 

Heat  of  fusion  at  melting  point 

cal/g 

23.53 

24.86 

Specific  heat  (liquid) 

cal/g  *C  @ 25*C 

0.51 

0.51 

0.53 

0.62 

Flash  point,  tag  open  cup,  *F  approx. 

15. 

20. 

79. 

135. 

tag  closed  cup.  *F  approx. 

-15. 

23. 

60. 

126. 

Flammable  limits  In  air 

% of  compound,  upper 

11. Ov 

11.5V 

7.5v 

lower 

3.0V 

1.81V 

1.4v 

SoluMllly,  % wt. 

in  water,  @ 20*  C 

complete 

27.1 

2.04 

complete 

water  in.  @ 20*  C 

complete 

12.5 

2,41 

complete 

Azeotrope  with  water, 

%w  compound 

none 

88.73 

75.7 

12.7 

Boil  pt.  @ 760  mm.  *C 

73.41 

87.93 

98.8 

Viscosity,  cps 

@20*C 
@ 25*C 

0.3075 

0.41 

0.583 

0.55 

2.9 

@30*C 

0.365 

Surface  tension 

dyne/cm  20*  C 

22.32 

24.6 

23.64 

28.9 

Table  12.43:  Union  Carbide  Ketones  (19) 


Formuto 

Moiecutar 

Weight 

Relotive 

Evaporation 

Rote 

nBuAc  It  1 

Vapor 
Pressure 
ot  20"C, 
mm  Hg 

Density 
ot  20°C, 
Ib/gal 

Gravity 

at20/20°C 

Specific  Hoy  Solubility  Parameters 
Hydrogen 

Total  vBonding  Polar  Non-Polor 

Acetone 

CHjCOCH,  I 

58.08 

U.40 

184.0 

6.59 

0.792 

9.6 

5.4 

4.8 

6.4 

Cyclohexanone 

oycH,],co 

98.15 

0.40 

3 0 

7.89 

0.948 

10.4 

5.4 

4.6 

7.6 

Oiocetone  Alcohol 

CHjqOHHCHjlCHjCdcH, 

1 16.16 

0.12 

10 

7 82 

0.940 

9 8 

6.1 

56 

5.2 

Diisobufyl  Ketone 

ICHjCHICHjICHjljCO 

M9.24 

0-15 

1.0 

6.77 

0.808 

8.1 

19 

3-3 

7 1 

Isophorone 

CH-C(CHj)CHjC(CH3)jCH,CO 

138  21 

0.02 

0.1 

7.68 

0.923 

9.4 

1.6 

4.6 

8.0 

Methyl  n-Amyl  Ketone 

CHaCOCjH,, 

114  19 

0.28 

2.0 

6.80 

0.817 

9.0 

3.5 

3.7 

7.4 

Methyl  Ethyl  Ketone 

CHjCOC^s 

72  10 

6.60 

75.0 

6.71 

0.806 

9.5 

4.6 

4 5 

6.9 

Methyl  Isobutyl  Ketone 

CHjCOCHjCHICHjlj 

100.16 

1 60 

15.0 

6.67 

0.802 

8.6 

2.9 

3.9 

7,1 

IIP 

Surface 

Boiling 

Solubility  ot  20X, 

Flosh  Point, 
Tog  Ciosed 
Cup,  "F 

Electrical 

Resistance®, 

Megohms 

Odor  Detection 
Threshold 
ED50,  ppm 

TiHe  III  Listed 
Hazardous  Air 
Pollutant'*’ 

CAS 

Registration 

Number 

jKelones 

Viscosity 
at  20X. 
cP 

Tension 
at  20°C, 
dynes/cm 

Point  at 
760  mm  Hg, 

Percent  by  Wt 
In  Woter  Water  In 

Acetone 

0.3 

237 

56.3 

Complete 

0 

Mo 

67-64-1 

Cyclohexanone 

2.2 

35.0 

155.7 

2.3 

8.0 

111 

No 

lOjB-94-1 

Diocetone  Alcohol 

3.2 

30.3 

169.2 

133 

No 

123-42-2 

Diisobutyl  Ketone 

1.0 

23.2 

■\69.i 

0.05 

6.7S 

120 

0.06 

No 

108-83-8 

Isophorone 

26 

31.6 

215.2 

<0.02 

4.3 

190 

\€i 

78-59-1 

Methyl  n-Amyl  Ketone 

0.8 

26.7 

151.5 

0.4 

1.3 

105 

0.75 

0,02 

No 

1 10-43-0 

Methyl  Ethyl  Ketone 

0.4 

24.5 

79.6 

24.0 

10.0 

21 

Yes 

78-93-3 

AAethyl  Isobutyl  Ketone 

0.6 

24.0 

n<i.i 

2 

1 

61 

0.45 

Vei 

108-10-1 

(a)  Measured  with  o Ransburg  Mode!  21  9CB  Paint  Resistance  Tester.  Values  listed  ore  for  commercioliy  available  materials. 

(b)  Odor  Detection  Threshold  is  the  concentration  of  odorant  in  ppm  riecessary  for  50%  of  a test  ponel  to  detect  or  perceive  an  odor  in  oir 

(c)  Harordous  Air  Pollutants  listed  under  Title  III  of  the  Cleon  Air  Act. 


(continued) 
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Table  12.43:  (continued) 


UCAR®  Ketones  Selection  Guide 


Type  Ketone 

Fast  Acetone 

Evaporating  Methyl  Ethyl  Ketone 


Medium 

Evaporating 


Slow 

Evaporating 


Methyl  Isobutyl  Ketone 
Methyl  n-Amyl  Ketone 


Cyclohexanone 
Diisobutyf  Ketone 
Diacetone  Alcohol 
Isophorone 

Isobutyl  Heptyl  Ketone 


Relative 

evaporation 

rate 

(BuAc-  100) 


1440 

631 


162 

40 


23 

17 

12 

2 

1 


Convene 

tiofia) 


m 

m 


typcotcoxtuks 

nttrocellulosc 


Ifot  nigh*  Multi*  Emu)* 

Spray  Low  Color  sions 


Cellulose  l/2*s  Ethyl  Water 

Vinyl  Acetate  Butyrate  Cellulose  Acrylic  Urethane  Soluble 


• • 

• • 


• • • 


• • 

• • • 

« • 

• • • 


• • 

• • 


• • • 
• • • • 


• • • • 

• • • 


• • 

• • • 


• • 


General  Solvent  Properties  of  UCAR®  Ketones 


8 Percent  Solution  of  Its.  l/2*s  Nitrocellulose 


Relative 

Evaporation 

Rate 

(BuAc  « 100) 

Mfeight 
per  Gallon 
at20»Clb 

Dilution  Ratio 

Toluene  Naphtha  Xylene 

Blush 
Resistance 
at80®f 
%RH  ± 2% 

Viscosity 

atas-c.cp 

SolublHty  Parameters 

Status 
under  Rule 
66-Type 
Regulations!*! 

Ibtal 

Polar 

Hyrlrogen 

Ending 

Acetone 

1440 

6.59 

4.5 

0.7 

<35 

9 

9.62 

4.79 

5.39 

NPCR 

Methyl  Ethyl  Ketone 

631 

6.71 

4.3 

0,9 

51 

10 

9.45 

4.52 

4.63 

UPCR 

Methyl  Isobutyl  Ketone 

162 

6.67 

3.6 

1.0 

3.2 

78 

19 

8.58 

3.94 

2.88 

PCR-20% 

Methyl  n-Amyl  Ketone 

40 

6.81 

3.9 

1.2 

3.6 

92 

25 

8.98 

3.73 

3.52 

NPCR 

Cyclohexanone 

23 

7,89 

5.7 

1.1 

4.8 

92 

79 

10.42 

4.58 

5.39 

NPCR 

Dllsobutyl  Ketone 

17 

6.72 

1.5 

0.6 

1.5 

95 

65 

8.06 

3,32 

1.88 

PCR-20% 

DIacetone  Alcohol 

12 

7.82 

3.0 

0.5 

2.3 

76 

148 

9.78 

5.56 

6.14 

PCR-20% 

Isophorone 

2 

7.67 

6.2 

- 

5.1 

96 

104 

9.36 

4.58 

1.55 

PCR-5% 

Isobutyl  tleptyi  Ketone 

1 

6.84 

imm. 

Imm. 

1mm. 

... 

-- 

7.95 

2.93 

1-74 

PCR-20% 

Footnote: 

(a)  ffPCR.  Nonphotochemlcally  Reactive;  PCR-20%  and  PCR-5%, 

PhotochemicaHy  Reactive  — volume  percent  without  requiring  emission  control.  ^ ^ ^ 
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Table  12.43:  (continued) 


Resin  SolubiUUcs  of  UCAR*  Ketones 


Ketone 

CeUukMc 

Acetate, 

41% 

Acetyl 

Celluloae  Acetate 
Butyrate, 

ethyl 

Cellulose, 

47-49% 

Ethoxyl 

Poly- 

styrene 

Poly- 

(methyl 

Meth- 

acrylate) 

UCAR 
Solution 
Vinyl  Resin 
VYHH 

Poly- 

vinyl 

Acetate 

AYAP 

17% 

Butyryl 

37% 

Butyryl 

Acetone 

S 

5 

5 

5 

PS 

S 

5 

S 

Cyclohexanone 

S 

5 

5 

5 

5 

S 

5 

S 

Diacetone  Alcohol 

S 

PS 

5 

5 

• 

5 

5 

5 

Dilsobutyt  Ketone 

1 

1 

1 

SW 

SW 

1 

S-Q 

PS 

Isobutyl  Heptyl  Ketone 

■ 

' 

1 

SW 

' 

■ 

- 

■ 

Isophorone 

S 

S 

5 

5 

s 

PS 

5 

s 

Methyl  Ethyl  Ketone 

5 

5 

5 

5 

5 

s 

5 

5 

Methyl  Isobutyl  Ketone 

‘ 

■ 

5 

5 

5 

5 

5 

S 

Methyl  n-Amyl  Ketone 

1 

1 

5 

5 

5 

5 

5 

5 

NOTE; 


Concentration  - 0.5  g resin  to  4.5  ml  of  solvent 
S » Soluble 
I » Insoluble 


SW  - Swelling 
PS  =«  Partly  soluble 
S<k  » Soluble,  tendency  to  gel 


Weight  of  One  Gallon  of  Solvent 


Ketone  Ketone 


Volume  of  7.24  Pounds  of  Solvent 


Methyl  Methyl  Isobutyl  Diisobutyl  Isopropanol 

Isobutyl  n-Amyl  Acetate  Ketone 

Ketone  Ketone 


(continued) 
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Table  12.43:  (continued) 


Constant  Bolling  Nlxtures 


AZBOTROPC 


GONPonEnrs 


specific 

Gravity 

BoiHng  Point 
at  760  mm  Hg 

Boillns  Point  

Composition  at  20*C.  % by  Weislit 

Relative 
_ Volume 

SpQrst 

20/20”Cof 

at  760  mm  Hg, 

in  in  In 

of  Layers 

Azeotrope 

Nixtuie 

at20/20*C 

•c 

•c 

Azcotit^ 

Upper  Layer 

UMver  Layer 

at20«C 

or  layers 

Acetone 

0.7918 

56.5 

59.5 

55.0 

1.040 

Carbon  Disulflde 

1.2657 

46.2 

67.0 

Acetone 

0.7918 

56.5 

64.7 

20.0 

1.268 

Chtoroform 

1.4925 

61.2 

80.0 

Acetone 

0.7918 

56.5 

50.0 

Chloroform 

1.4925 

61.2 

57.5<«> 

47.0 

{b) 

Methanol 

0.7922 

64.7 

25.0 

Acetone 

0.7918 

56.5 

49.8 

59.0 

Hexane 

0.6717 

68.7 

41.0 

Acetone 

0.7918 

56.5 

45.0 

Hexane  (Commercial) 

0.6717 

68.7 

47.0 

48.0 

0.720 

Methyl  Acetate 

0.9555 

57.0 

7.0 

Acetone 

0.7918 

56.5 

55.5 

56.5 

0.764 

isopropyl  Ether 

0.7250 

68.5 

45.5 

Acetone 

0.7918 

56.5 

55.7 

88.0 

0.795 

Methanol 

0.7925 

64.7 

12.0 

Acetone 

0.7918 

108.7W 

102  w 

68.0 

0.796 

Methanol 

0.7925 

109.  iw 

52.0 

Acetone 

0.7918 

152.1f*> 

124 

54.0 

0.796 

Methanol 

0.7925 

128.4«<n 

46.0 

Acetone 

0.7918 

151.4««‘ 

140  w 

44.0 

0.796 

Methanol 

0.7925 

145.8W 

56.0 

Acetone 

0.7918 

56.5 

5.8 

Methanol 

0.7925 

64.7 

55.7 

17.4 

0.898 

Methyl  Acetate 

0.9555 

57.0 

76.8 

Acetone 

0.7918 

56.5 

55.6 

48.0 

0.854 

Methyl  Acetate 

0.9555 

57.0 

52.0 

Acetone 

0.7918 

85.8<'> 

81.4«'> 

98.7 

0.795 

Water 

1.0000 

127.5<'> 

1.5 

Cyclohexanone 

0.9482 

155.7 

95 

58.4 

92.0 

2.5 

U41.5 

U 0.955 

Water 

1.0000 

100.0 

61.6 

8.0 

97.7 

L58.5 

L 1.000 

Diacetone  Alcohol 

0.9595 

169.2 

99.6 

15.0 

1.002 

Water 

1.0000 

100.0 

87.0 

Diisobutyl  Ketone 

0.8075 

169.4 

97.0 

48.1 

99.25 

0.05 

U55.4 

U 0.810 

Water 

1.0000 

100.0 

51.9 

0.75 

99.95 

L46.6 

L 1.000 

Isobutyl  Heptyl  Ketone 

0.8215 

218.2 

99.0 

16.0 

99.8 

0.01 

U19.0 

U 0.810 

Water 

1.0000 

100.0 

84.0 

0.2 

99.99 

L81.0 

L 1.000 

Isophorone 

0.9220 

215.5 

99.5 

16.1 

95.7 

1.2 

U 16.0 

U 0.929 

Water 

1.0000 

100.0 

85.9 

4.5 

98.8 

L84.0 

L 0.999 

footnotes: 

a)  Distillation  barrier  present  d)at7.82atm  Oat20psig 

b)  Homogeneous  at  20*’C  e)atll.6atm  g)at30/20‘*C  (continued) 

c)  at  4.56  atm 


Ketones  655 


Table  12.43:  (continued) 


Constant  Bolling  Nixtutes  (continued) 


coMPOrtCPrrs 


Methyl  ethyl  Ketone 
Benzene 

Methyl  Ethyl  Ketone 

Benzene 

Water 

Methyl  Ethyl  Ketone 
Carbon  Disulfide 

Methyl  Ethyl  Ketone 
Carbon  Tetrachloride 

Methyl  Ethyl  Ketone 
Carbon  Tetrachloride 
Water 

Methyl  Ethyl  Ketone 
Chloroform 

Methyl  Ethyl  Ketone 

Cyclohexane 

Water 

Methyl  Ethyl  Ketone 
Ethanol 

Methyl  Ethyl  Ketone 

Ethanol 

Water 

Methyl  Ethyl  Ketone 
Hexane  (Commercial) 

Methyl  Ethyl  Ketone 
Hexane  (Commercial) 

Water 

Methyl  Ethyl  Ketone 
isopropanol 

Methyl  Ethyl  Ketone 

Isopropanoi 

Water 

Methyl  Ethyl  Ketone 
Water 

Methyl  Isobutyl  Ketone 
Water 

footnotes: 

a)  Distillation  barrier  present 

b)  Homogeneous  at  20*C 

c)  at  4.56  atm 


specific 

Qravtty 

at20/20«C 


d) at  7.82  atm 

e) at  11.6  atm 


Boiling  Point 
at  760  mm  Hg, 
•C 


Boiling  Point 
at  760  mm  Hg, 
•C 


Composition  at  20^C,  % by  Wright 


f)  at  20  psfg 

g) at30/20®C 


In 

Azeotrope 


In  in 

UpptS’ Layer  Lower  Layer 


Relative 
Volume 
of  Layers 
at20«C 


U 0.858 
L 0.992 


U 0.769 
L 0.980 


0 0.68W 

L 0.98<o> 


U 0.806 
L 0.999 
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VAPOR  PRESSURE,  mm  Hg 


Table  12.44:  Vapor  Pressure  of  Various  Ketones  at  Different  Temperatures  (19) 


VAPOR  PRESSURE,  mm  Hg 


TEMPERATURE, 


SPECIFIC  GRAVirr.t/ZO’C 


Table  12.45:  Specific  Gravitiee  of  Ketones  (19) 


■ei^lC  OHAVtTV  vs.  TBMPBRATUnS 

TEMPERATURE, ’F 


ggitgesgBggggssgasgM 

iS^SSBSSSBSSSSQuE^SCSSS 


■SiSSSsI 


■MiuuaumMUlf 

UM  iim  HMmm  nuiuni  ■ 


■■■minnHiiiMmMHiii 


■HmSSMSnHiiiiiiiiiiniiiiiiHiiiniraami 


- HHminnnHiHun^ 

wmiHinmimiiMumM 


s^iia»^^S»!!i»!u«s;us8sas»»u 
ssBSs:::B:sss:ssss^::!!ls^s:g^: 


■UinilllinMa^L  _ 
■■■iiiiiniiiHiHinB 


■■iiMHMimMI 


■■■■ 


IHHin  ■■■■■ 


s^:asKasaassaaiaaaaaaai| 
.^iila^s:;aiasaiiai8iaa8!8 
inSaiaaBiHuiimaimimEfSSSSBSnl 


aMMaiaiaamaiMHaaiwf  «;■■■«■■■■■■■  I 


iff  ill  ill 

■■■MSSMMiSiiiaw— —MwaaaaBBiaaa*fcZ**iiWBawKiiBainiaaaaiMiai| 

=^gM«!imgiWPfW!lBS!8!aig8aH!HagBMfe 

”"«iSSiUHiHaiiiHaamiMniaBUi8Mii| 


. ■■■■■aiiiiibL.  - ^ 

I atwiBaB8iii»§iHia2Z*<^%£ 


555S5SK|  ■■■■■■■■■  ■ » z*aaa  ■■an  ■ll■■■llll  ■■■■■■nil  aiiii  I 

Sa8aaia!aaaaSSSm"awBS!zMaa”!”MiiMaaiHiaHataaai!SHHl 


IL-iKKSilKisKKiiluyf^^ 


~20  -10  0 


20  30 


TEMPERATURE,  *C 


APPARENT  SPECIFIC  GRAVITY  k 20/20  'C  SPECIFIC  GRAVITY,  t/20  **C 


■CIFIC  GRAVITY  VS.  TCMPERATURC 


OIACETQNE  ALCOHOL,  per  cent  by  weight 
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Table  12.46:  Solubility  of  Ketones  In  Water  (19) 


TEMPERATURE,°C 


Table  12.47:  Solubility  of  Water  in  Ketones  (19) 


TEMPERATURE,  “C. 


PER  CENT  EVAPORATED 


Table  12.48:  Relative  Evaporation  of  Ketones— Fast  to 
Intermediate  Evaporating  Liquids  (19) 


A B C 


CHART  KEY 

A Acetone 

B Methyl  Ethyl  Ketone 
C Methyl  Isobutyl  Ketone 
D Mesityl  Oxide 
E 2,4— Pentanedione 


PER  CENT  EVAPORATED 


Table  12.49:  Relative  Evaporation  of  Ketones— intermediate  to 
Slow  Evaporating  Liquids  (19) 


0 10  20  30  40  50  60  70  80  90  100 

RELATIVE  TIME,  hours 

CHART  KEY 

F Cyclohexanone 
G Diisobutyl  Ketone 
H Diacetone  Alcohol 
I Acetophenone 


J Isophorone 
K Isobutyl  Heptyl  Ketone 
L Propiophenone 
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Table  12.50:  Viscosity  vs  Concentration  of  Chlorinated  Rubber  (Hercules  PARLON  S-20)  in  MEK  (8) 


Ptrc«nt  Solitft 


Acids 


Table  13.1:  Acetic  Acid  (2) 


Vinegar  Acid 

Methanecarboxylic  Acid  CH^COOH 

Ethanoic  Acid 


Acetic  acid  is  a colorless  liquid  with  a pungent  odor;  it  is  made  synthetically 
from  acetylene  or  by  the  oxidation  of  alcohol.  It  Is  soluble  in  water,  alcohols, 
ethyl  ether,  and  other  organic  solvents.  It  is  used  as  a precipitant  for  albumen, 
casein,  and  rubber  latex.  It  is  also  employed  in  the  manufacture  of  leather, 
cordage,  linoleum,  acetate  solvents,  acetyl  derivatives,  dyes,  matches,  printing 
inks,  and  polishes,  and  as  an  assistant  in  dyeing  processes. 


Specifications  {Glacial  Acetic) 


Acetaldehyde 
Acidity,  as  acetic  ncid 
Color 

Formic  acid 
Freezing  point 
Non-volatile  matter 
Water  content 
Weight  per  gallon  au 
20“C 


Standard  -t-  Laundry 
Special 

(max.) 
9ft. 6%  (min.) 
Water -white 
0.2%  (max.) 
(min.) 

0.5%  (ma.x.) 
8.74  llm, 


U.S.P.  XII 

99.5%  (min.  ) 
Water -while* 

I6.fi®C  (mill. ) 
0.02ft5^^t  (max  > 
0.5%  (max.) 

8 .74  I ha 


C.H. 

90.8%  (min.) 
Water-white 
0.00%  (max.) 
I0.24*C  (min.) 
0.(KK)8%  (max.) 
0.2%  (max.) 
8.74  Ihe. 


Table  13.2:  Viscosity  of  Acetic  Acid  and  Acetic  Anhydride  Mixtures  at  15"*  and  76.5^’C  (19) 
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Table  13.3:  Butyric  Acid  (2) 

Ethylacetic  Acid 

Butanoic  Acid  CH2CH2CH2COOH 

Propylformic  Acid 

Butyric  acid  is  a water-white  liquid  having  a characteristically  pronounced  and 
highly  disagreeable  odor.  It  is  soluble  in  most  organic  solvents  and  completely 
soluble  in  water.  The  importance  of  butyric  acid  is  found  in  its  butyrate,  made 
with  alcohols;  these  compounds  are  used  as  flavors  because  of  their  pleasant 
fruity  odors.  Other  uses  are  in  the  manufacture  of  flavor  esters,  plastics,  drugs, 
in  leather  tanning  and  for  deliming  hides. 


Boiling  point  at  760  mm 
Coefficient  of  expansion  at  20*C 
at  55 

Color 

Critical  temperature 
Critical  density 
Dissociation  constant  at  25*C 
Electrical  conductivity  at  25**C 
Flash  point  (ASTM  open  cup) 
Heat  of  combustion 
Heat  of  fusion 
Heat  of  vaporisation 
Melting  point 


Typical  Propertiet  and  Speeifieationt 


163.5*C 

0,001026*C 

0.001064 

Water-white 

365*C 

0.302 

1.48  X 10"‘  recip.  ohm 
0.00039  X 10"<  recip.  ohm 
170’F 

5905  cal.  (15)/g 
20.1  cal.  (15)/g 
1.59  cal./g 
-5.7’C 


Solubility  in  water  at  20’C 

Solubility  of  water  in  solvent  at  20"C 

Specific  gravity  at  20/20®C 

Specific  heat 

Refractive  index  at  19*C 

Surface  tension  at  20'’C 

Vapor  pressure  at  20^C 

Viscosity  at  25*C 

Weight  per  gallon  at  20*C 

Chlorides 

Distillation  range  at  760  mm 
Purity 


Table  13.4:  Viscosity  of  Aqueous  Butyric  Acid  Solution  at  (19) 


Table  13.5:  Butyric  Anhydride  (2) 


(C^H^CO)^O 

Butyric  anhydride  is  a water-white  liquid  which  hydrolyzes  to  butyric 
acid  in  the  presence  of  water.  Like  butyric  acid,  it  is  used  in  making 
butyrates,  flavors^  drugs  and  tanning  agents. 


Boiling  point  at  760  mm. 
Color 
Flash  point 
Melting  point 

Specific  gravity  at  20/20®C. 
Vapor  pressure  at  20®C. 


199. 5®C. 

Wafer-white 

190*F. 

-75  ®C. 
0.965-0.970 
0.37  mm.  Hg 


Weight  per  gallon  at  20®C. 
Distillation  range  at  760  mm. 
Below  190®C. 

Above  200  ®C. 

Below  195®C. 

Purify 


Complete 

Complete 

0.9595 

0.514  (20-100*0 
1.3980 

26.8  dynes/sq  cm 
0.84  mm  Hg 
0.01529  poise 
7.985  lbs. 

None 

16Q-165*C 

99.0%  by  wt.^  min. 


8.1  lbs. 

None 

None 

Not  more  than  10% 
85%  by  wf , , min. 
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Table  13.6:  Solubility  of  Water  in  Caproic  Acid  at  Various  Temperatures  (19) 


Table  13.7:  2-Ethylbutyrlc  Acid  (2) 


Diethyl  Acetic  Acid 
2-Ethylbutanoic  Acid 


(C2H5)2CHC00H 


2-Ethylbutyric  acid  is  a water-white  liquid,  similar  to  butyric  acid  in 
most  of  its  properties,  except  that  its  odor  is  less  strong  and  it  Is  not  as 
soluble  in  water.  Its  halogenated  derivatives  are  finding  use  in  the 
manufacture  of  drugs.  Its  esters  with  higher  glycols  are  outstanding 
vinyl  resin  plasticizers. 


Boiling  point  at  760  mm.  194°C. 

Flash  point  210®F. 

Solubility  in  water  at  20 °C.  0.22%  by  wt. 

Solubility  of  water  in  solvent  at  20®C.  3.3%  by  wt. 

Specific  gravity  at  20/20®C.  0.9225 


Vapor  pressure  at  20®C. 
Weight  per  gallon  at  20®C. 
Distillation  range  at  760  mm. 
Purity 


0. 14  mm.  Hg 
7.68  lbs. 
185®-200®C. 

90%  by  wt.-,  min. 


Table  13.8:  2-Ethylhexolc  Acid  (2) 

Octoic  Acid 
2-Ethylhexanoic  Acid 


CH3(CH2)3CH(C2H5)C00H 


This  acid  possesses  a mild  odor  and  a high  boiling  point.  It  is  important 
for  its  metallic  esters,  the  properties  of  which  suggest  usefulness  as  varnish 
driers.  These  metallic  salts  are  stable,  mild-odored,  light-colored  com- 
pounds, and  are  soluble  in  hydrocarbons.  The  glycol  esters  of  this  acid 
are  excellent  vinyl  resin  plasticizers. 


Boiling  point  at  760  mm. 

Flash  point 

Solubility  in  water  at  20®C. 

Solubility  of  water  in  solvent  at  20 ®C. 
Specific  gravity  at  20/20®C. 


226. 9®C. 

260 ®F. 

0.25%  by  wt. 

1 . 2%  by  wt , 

0.9077 


Vapor  pressure  at  20®C. 
Weight  per  gallon  at  20®C. 
Distillation  range  at  760  mm. 

Purity 


0.03  mm.  Hg 
7.55  lbs. 

220®-230®C. 

(90%  distills  within  this  range 
95%  by  wt.  min. 


Table  13.9:  Solubility  of  Water  In  Ethylhexolc  Acid,  Ethylbutyraldehyde  and  Ethylpropylacrolein  (19) 
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Table  13.10:  Lactic  Acid  (2) 


a-H/drox/propionic  Acid  CH^CHOH’COOH 

Lactic  acid,  which  is  among  the  oldest  known  organic  acids,  is  obtained  from  sour 
milk  by  the  reduction  of  hexose  sugars  or  by  the  interaction  of  acetaldehyde  and 
carbon  monoxide.  It  is  miscible  with  water  and  many  organic  reagents.  Since  it 
has  on  asymmetrical  carbon  atom,  lactic  acid  exists  in  two  optical  isomeric  forms. 
Peckham  states  that  "the  nomenclature  used  to  designate  the  isomeric  forms  was, 
until  recently,  very  confusing.  The  form  of  the  acid  commonly  known  as  sarco- 
lactic,  the  form  occurring  in  blood,  has  (+)  rotation  but  the  I configuration.  It 
is  therefore  correctly  designated  as  l(+)  lactic  acid  and  its  mirror  image  as  d(-) 
lactic  acid.  The  salts  of  the  l(+)  form  are  levorotatory  and  the  salts  of  the  d(-) 
form  are  dextrorotatory.  Because  of  the  low  optical  rotatory  power  of  the  free 
acids,  rotation  of  the  pure  acid  or  its  simple  salts  is  not  a suitable  criterion  for 
establishing  the  optical  form  of  the  acids,  or  the  percentage  composition  in  case 
of  a mixture". 

Commercial  lactic  acid  has  been  determined  to  be  a mixture  of  QC*’hydroxy propionic 
acid,  lactyllactic  acid,  and  water.  When  dilute  lactic  acid  is  concentrated,  two 
molecules  of  lactic  acid  unite  to  form  lactyllactic  acid  and  water.  The  lactyllactic 
acid  splits  off  from  the  water 

2CH,CHOH  COOH  jn  CH,  CHOH  COOCH(CH,)  COOH  + H,0 

IT 

CH(CH,)OCOCH{CH,)OCO 


Poly  lactyllactic  acids  may  also  be  formed  by  loss  of  water  between  the 
carboxyl  and  the  alcohol  groups,  thus; 


CH.CHOHCOCH,  CH  COCH,  CHCOOH 

LoJ  L_o_l 

dila^yUaetie  acid 


The  conditions  which  affect  the  production  of  a lactic  acid  solution  from 
lactyllactic  acid  are  temperature,  concentration  and  age  of  solution. 
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A graph  showing  the  Composition 
of  Aqueous  Lactic  Acid  Systems  at 
Equilibrium  and  at  Progress  States 
of  Dehydration. 
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Table  13.11:  Trifluoroacetic  Acid  (25) 


CF3CO2H  Mol.Wt. 

Boiling  Point 

Water  Azeotrope  (20.6%  water) 
Freezing  Point 
Density  at  25"*C 

Vapor  Pressure  0'*C 
25°C 

Heat  of  Vaporization 

Viscosity  at  25'*C 
Dielectric  Constant  at  25“C 
Conductivity  at  25°C 
Surface  Tension  at  26"*C 


114.03 
72.5"C 
105.5"C  (1) 

-15.36"C  (1,2) 

1.4844  g/ml 
12.4  Ib/gal 
28.8  mm  (3) 

107  mm 

7949  cal/mol  (3) 

125.5  Btu/lb 
0.813  cpW 
42.1  e (5) 

0.026  lOVcm  ohm  (4) 
13.44  dynes/cm  (6) 


(1)  Swarts,  F.,  Bull.  Acad.  Roy.  Belg.  Classe  sci.,  8,  343  (1922). 

(2)  Cady,  H.H.  and  Cady,  G.E.,  J.  Am.  Chem.  Soc.,  76,  915  (1954). 

(3)  Taylor,  M.D.  and  Templeman,  M.B.,  J.  Am.  Chem.  Soc.,  78,  2950  (1956). 

(4)  Fialkov,  Y.Y.  and  Zhikarev,  V.S.,  Zh.  Obshch.  Khim.,  33,  3466,  3471,  3790  (1963). 
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TEMPERATURE  *C 

VAPOR  PRESSURE  OF  TRIFLUOROACETIC  ACID 


M 0 L % CrfiOOH 

FREEZING  POINTS  WATER— TRIFLUOROACETIC 
ACID  SYSTEM 


(continued) 


Table  13.11:  (continued) 


CM’' 


2 3 4 5 6 7 8 9 10  11  12  13  14  15 

10  cm  Cell  2mm  Hg  PRESSURE  MICRONS  Scanned  on  Beckman  IR4 

INFRARED  SPECTRUM  OF  TRIFLUOROACETIC  ACID 


Properties  of  Derivatives  of  Trifluoroacetic  Acid 


Compound 

Formula 

Boiling  Point  °C 

Melting  Point  "C 

Trifluoroacetic  Anhydride 

(CF.COaO 

40 

-65 

Methyl  Trifluoroacetate 

CF.1CO2CH3 

43 

Ethyl  Trifluoroacetate 

CF5CO.C2H5 

62 

T rifluoroacetamide 

CF3CONH2 

163 

75 

Trifluoroacetonitrile 

CF3CN 

-64 

Trifluoroacetyl  Chloride 

CF3COCI 

-19 

-130 

Trifluoroacetyl  Bromide 

CFsCOBr 

-5 

Trifluoroacetaldchyde 

CF3CHO 

-19 

68-70 

Trifluoroacetaldehyde  Hydrate 

CF3CH(0H)2 

102-5 

(continued) 
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Table  13.11:  (continued) 

SOLUBILITY  OF  INORGANIC  ACIDS 


MISQBLE 

INSOLUBLE 

HQ,  Ha04 
HF,  HNOa,  H,S04 

H8PO4 

SOLUBILITY  OF  SALTS  IN  100  GRAMS  OF  TR I FLUORO ACETIC  ACID  AT  ABOUT  25*C 


Over  10  g 

1-10  g 

0.1-1  g 

Less  than  0.1  g 

CsCI 

K,P04 

K3SO4 

NH4NO8 

AgF,Ci03,FeCl8,KCl 

KCr04,KFKI 

KMn04,KN0a^NaqNaCiO4,NaI 
NaF,  NaNOs,  NagPO^,  NajS04 

BaClgt  Be  O2 
CrCls 

Cfj  (804)3 

MgFg 

NiFg 

AgCI,  AIO:, 
BaS04 
CaFj,  FeFa 
KQ04 
NaC104PbF2 

SOLUBILITY  OF  METAL  TRIFLUOROACETATES  IN  TRIFLUORO ACETIC  ACID  AT  30*C 


Metal  Salt 

A1 

Ba 

Ca 

Hg'* 

K 

Mg 

Na 

Ni 

Fe*»* 

g Salt/100  g acid 

42 

6.3 

20 

50 

50 

0.57 

13 

16 

1.2 

♦ Ref  (38) 

It  is  interesting  to  note  that  SiCOjCCFa)  .,,  TiOCO^CCF.,).^,  Zr(O^CCF,)^  and  Th(O.^CCF.j) , have  been 
prepared  (77).  The  silicon  compound  exhibits  covalent  character. 


SOLUBILITY  OF  GASES  AT  ABOUT  26’C;  PARTIAL  PRESSURES  650  mm  Hg  (38) 
(Units  are  ml.  gas  dissolved  in  one  ml.  liquid) 


Gas 

a, 

CO 

CO2 

HBr 

HCI 

H2S 

Ng 

Og 

SO2 

Trifluoroacetic  Acid 

9.3 

3.5 

6.6 

0.1 

Ql 

Water 

2.1 

0.8 

580 

0.02 

Table  13.12:  Vapor  Preeeure  of  Organic  Adda  and  Anhydrides  at  Various  Temperatures  (19) 


TEMPERATURE  “C. 


Table  13.13:  Fatty  Acid  Compoaltlon  of  Various  Fats  and  Oils  (26) 


BUTYRIC 

CAPROIC 

CAPRYLIC 

CAPRIC 

a 

c 

3 

< 

u 

uj 

O 

IE 

3 

3 

MYRI8TIC 

MYRISTOLEIC 

PENTA0ECAN01C 

►- 

3 

i 

PALMITOLEIC 

MAROARIC 

STEARIC 

OLEIC 

U 

O 

z 

LINOLENIC 

RICINOLEIC 

OIHYOROXYSTEARIC 

LICANIC 

ELEOSTEARtC 

ARACHIOIC 

EtCOSENOIC 

EICOSAPOLYEN01C 

BEHENIC 

ERUCIC  (OOCOSENOIC) 

u 

o 

z 

2 

s 

o 

u 

o 

o 

LIQNOCERIC 

TETRAC08ENOIC 

TETRAC08APOLYENOIC 

IODINE  VALUE 

SAPONIFICATION  VALUE 

6 

“l 

oc 

Ul 

BABASSU 

- 

— 

6.0 

5.5 

45.0 

- 

16.5 

- 

- 

7,0 

— . 

- 

3.0 

14.5 

1.5 

_ 

_ 

1.0 

_ 



_ 







_ 

12-16 

247-251 

22-26 

BUTTERFAT 

3.0 

1.0 

1.5 

3.0 

3.5 

— 

12.0 

1.5 

1.0 

26.0 

3.0 

— 

13.0 

28.5 

1.0 

— 

_ 

— 

_ 

_ 

_ 

__ 

— 

_ - 

_ 

— 

25-42 

210-235 

33-38 

CASTOR 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1.5 

— , 

— 

0.5 

5.0 

4.0 

0.5 

67.5 

0.5 





0.5 

_ 













61-91 

177-187 

1-3 

COCOA  BUTTER 

— 

— 

— 

— 

— 

— 

0.5 

— 

— 

25.0 

— 

— 

34.5 

36.5 

3.0 

0.5 

— 

— 

— 

— 

— 

_ 

— 

_ 

— 

— 

_ 

— 

— 

35-40 

190-200 

45-50 

COCONUT 

— 

0.5 

7.0 

6.0 

46.0 

— 

19.0 

— 

— 

9.0 

— 

— 

3.0 

6.0 

1.5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

8-12 

250-260 

20-24 

CORN 

— 

— 

— 

— 

— 

— 

— 

— 

12.0 

— 

— 

2.0 

25.0 

60.0 

0.5 

— 

— 

— 

0.5 

_ 

— 

— 

— 

— 

— ZT~ 

— 

118-128 

186-194 

14-20 

COTTONSEED 

— 

— 

— 

— 

— 

— 

1.0 

— 

— 

23.0 

0.5 

— 

2.5 

16.5 

57.0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

_ 

— 

— 

— 

103-113 

189-199 

30-37 

HERRING 

— 

— 

— 

— 

— 

— 

7.0 

— 

— 

12.0 

10.0 

— 

0.5 

8.0 

13.0 

— 

— 

— 

— 

— 

255 

— 

24 

.0 

— 

— 

— 

125-145 

180-193 

23-27 

LARD 

— 

— 

— 

— 

— 

— 

1.5 

— 

. — 

25.0 

3.0 

0.5 

13.0 

45.5 

10.5 

1.0 

— 

— 

— 

— 

— 

— 

— i — 

_ 

— 

— 

56-68 

192-202 

34-43 

LINSEED 

__ 

— 

— 

— 

— 

— 

— 

— 

— 

6.0 

— 

3.5 

20.0 

14.5 

56.0 

— 

— - 

— 

— 

— 

~ 

- 

— 

t'"-  r-“ 

— 

— 

— 

180-195 

186-196 

19-21 

MENHADEN 

— 

— ■ 

— 

— 

— 

— 

9.0 

0.5 

0.5 

19.0 

16.0 

0.5 

5.5 

24.5 

24.5 

— 

— 

— 

— 

— 

15.0 

— 

9.0 

— 

0-5 

140-180 

186-196 

31-33 

MUSTARD  SEED  (MONTANA) 

— 

— 

~ 

— 

— 

— 

— 

— 

— 

3.0 

0.5 

— 

6.5 

22.0 

22.5 

15.5 

— 

— 

— 

— 

0^ 

11,5 

- 

— 

18.0 

— 

— 

_ 

114-128 

176-164 

6-10 

NEATSFOOT 

— 

— 

— 

— 

0.5 

1.0 

0.5 

— 

20.5 

6.0 

4.5 

56.5 

9.5 

— 

— 

— 

— 

— 

9A 

- 

— 

0.5 

— 

— 

— 

65-75 

190-199 

20-M 

OITICICA 

-- 

— 

— 

— 

— 

— 

— 

— 

6.0 

— 

— 

5.0 

6.0 

5.0 

— 

2.0 

76.0 

— 

— 

— 

— 

— 

— 

— 

140-160 

168-196 

17-21 

OLIVE 

— 

— 

— 

— 

— 

— 

_ 

— ■ 

13.0 

1.0 

— 

2.5 

74.0 

90 

0.5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

79-89 

188-196 

j 17-26 

PALM 

— 

— 

— 

— 

— 

1.0 

— 

— 

43.5 

— 

— 

4.5 

40.0 

11.0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

- 

— 

45-55 

195-205 

40-47 

PALM  KERNEL 

— 

— 

3.5 

3.5 

48.5 

— 

16.5 

— 

— 

8.5 

_ 

— 

2.5 

14.5 

2.0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

- 

— 

— 

— 

14-24 

245-255 

20-28 

PEANUT  (SOUTHWEST) 

— 

— 

— 

— 

— 

— 

— 

11.0 

_ 

— 

2.5 

50.0 

30.5 

1.0 

— 

— 

— 

~ 

1.0 

— 

— 

3.0 

— 

1.0 

— 

— 

93-96 

186-196 

28-34 

PEANUT  (WEST  COAST) 

— 

— 

— 

— 

— 

— 

— 

— 

— 

p12.S 

_ 

— 

3.0 

38.5 

38.0 

1.5 

— 

— 

— 

— 

1.5 

— 

— 

3.5 

- 

— 

1.5 

— 

— 

96-101  ' 

188-196 

26-32 

PERILLA 

— 

— 

— 

_ 

— 

— 

— 

— 

1 6.0 

— 

— 

— 

16.0 

14.0 

62.0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

193-208 

188-197 

12-19 

— 

— 

— 

— 

— 

0.5 

— 

— 

— 

4.0 

— 

0.5 

12.5 

14.5 

16.5 

— 

— 

— 

— 

— 

— 

— 

— 

51.5 

— 

— 

— 

— 

97-104 

169-179 

11-15 

RAPESEED  (MONTANA) 

— 

— 

— 

— 

— 

— 

— 

— 

3.0 

— 

— 

1.5 

32.0 

19.0 

10.0 

— 

— 

— 

— 

10.5 

— 

0,5 

23.5 

— 

— 

— 

— 

104-110 

170-180 

11-15 

RICE  BRAN 

— 

— 

— 

— 

— 

0.5 

— 

— 

17.0 

— 

— 

2.5 

45.5 

32.0 

1.0 

— 

— 

— 

0.5 

— 

— 

— 

— 

1.0 

— 

— 

92-109 

164-195 

36-26 

SAFFLOWER 

— 

— 

— 

— 

— 

— 

— 

— 

6.5 

— 

— 

25 

11.5 

79.0 

1 0.5 

— 

— 

i — 

- — 

— 

— 

— 

— 

— 

— 

— 

— 

— 

136-145 

186-195 

15-16 

SARDINE 

— 

— 

— 

— 

— 

6.0 

_ 

11.5 

12.0 

~ 

2.5 

11.5 

11.5 

— 

— 

— 

[ — 

! 

— 

25  5 

— 

19.5 

— 

— 

— 

160-190 

188-196 

28-32 

SESAME 

— 

— 

— 

— 

— 

— 

— 

— 

— 

9.0 

_ 



6.0 

41.5 

43.0 

0.5 

— 

— 

1 ” 

1 — 

— 

— 

— 

— 

— 

— 

— 

— 

— 

108-113 

188-196 

20-25 

SOYBEAN 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

11.0 

4.0 

21.0  . 

55.5 

8.5 

— 

— 

1 ” 

1 ~ 

— 

— H— 

— 

— 

— 

— 

— 

— 

— 

125-135 

186-196 

20-22 

SPERM-BODY  FATTY  ACIDS 

— . 

_ 

1.0 

5.0 

4.0 

_ 

6.5 

26.5 

_ 

_ 

37.0 

— 

— 

— 

— 

— 

— 

— 

19.0 

— 

— 

1.0 

— 

_ 

— 

— 

76-68 

122-130 

6-14 

SPERM'HEAD  FATTY  ACIDS 

_ 

_ 

_ 

3.0 

16.0 

4.0 

14.0 

14.0 

_ 

6.0 

15.0 

_ 

2.0 

17.0 

— 

U-3 — 

— 

— 

— 

— 

— 

u±- 

— 

— 

— 

— 

— 

— 

55-70 

140-144 

12-16 

SUNFLOWER 

_ 

_ 

_ 

_ 

_ 

_ 

0.5 

_ 

6.5 

_ 

_ 

4.0 

17.0 

72.5 

— 

— 

— 

— 

— 

— 

— 

— 

-II — 

— 

— 

— 

128-138 

186-196 

16-20 

TALL  OIL  (Distilled  Fatty  Acids) 



■ „ 





_ 



_ 



1.0 

0.5 

„ . 

1.5 

50.5 

46.5 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

126-133  ' 

186-196 

1-6 

TALLOW 

_ 

_ 

_ 

_ 

3.5 

1.0 

0.5 

25.5 

4.0 

2.5 

19.5 

41.0 

2.5 

— 

— 

— 

— 

— 

0.5 

— 

~ 

— 

— 

— 

— 

— 

40-50 

192-202 

40-46 

TUNG  OIL 

— 

— 

— 

_ 

_ 

_ 

_ 

_ 

4.0 

_ 

_ 

1.0 

8.5 

3.5 

3.0 

— 

— 

— 

80.0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

160-175 

189-195 

34-42 

WHALE 

- 

- 

- 

- 

- 

- 

6.0 

2.0 

- 

17,0 

13.0 

“ 

2.0 

[ 39.0 

— 

— 

— 

— 

_ 

12.5 

— 

6.5 

— 

— 

— 

110-140 

165-195 

22-24 

NUMBER  OF  CARBON  ATOMS 

4 

6 

8 

10 

12 

12 

14 

14 

15 

16 

16 

17 

18 

18 

1 18 

18 

18 

18 

18 

20 

20 

2o"j 

i 1 

22 

22 

24 

^24 

NUMBER  OF  DOUBLE  BONDS 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

1 2 

3 

1 

0 

3 

3 

0 

1 

2-5  1 

1 

2-5 

i ® 

1 

2-5 

MOLECULAR  WEIGHT 

88 

116 

144 

172 

200 

198 

228 

226 

242 

256 

254 

270 

264 

282 

1 280 

278 

298 

316 

292 

278 

312 

310 

340 

338 

— 

1 368 

366 

NEUTRALIZATION  VALUE 

636 

483 

389 

325 

2W 

282 

245 

247 

231 

216 

220 

207 

197 

198 

! 200 

201 

187 

177 

191 

201 

179 

ISO 

— 

165 

— 

1 152 

153 

' — 

IODINE  VALUE 

0 

0 

0 

0 

0 

128 

0 

112 

0 

0 

99 

0 

0 

69 

1 181 

273 

85 

0 

260 

273 

0 

81 

— 

U-5 

74 

— 

! 0 

69 

— 

BOILING  POINT  -»C  @ 5 mm  Mg 

50.0 

86.5 

113.5 

137.0 

158.0 

— 

178.0 

— 

187.0 

197.0 

— 

206.0 

214.0 

209.0 

— 

— 

— 

— 

— 

— 

' 233.0  1 

— 

— 

i 247.0  i 

— 

! 255.0 

— 

1 — 

MELTING  POINT  -®C 

-8.0 

-3.4 

16.7 

31.6 

44.2 

— 

53.9 

- 

52.3 

63.1 

0.5 

61.3 

69.6 

13.4 

-5.0 

<-10.0 

5.0 

141.0 

74.0-75.0 

i 1 

— 

— 

1 79.9  1 

34.7 

! 842 

- 

1 - 

Acids  669 
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Table  13.14:  Arizona  Chemical  ACTINOL  Tall  Oil  Fatty  Acids  (5) 


COLOR  SAPONIFt- 

GARDNER  ACID  CATION 

19S3  VALUE  VALUE 


IODINE 

VALUE  MOISTURE  ASH 

(WIJS)  % 


UNSAPONI-  FATTY  UNOLEIC 

ROSIN  ACIDS  FIABLES  ACIDS  NON-CON- 

% TOTAL’.  JUGATEO 


FA-1 

FA-1  Special 

i 

UNOLEIC 

CONJUGATED 

OLEIC 

% 

SATURATED 

% 

OTHERS  BY 
DIFFER- 
ENCE, 

Acids 


671 


Table  13.15:  Eastman  Chemicals  Adda  and  Anhydrides  (41) 


Form 

Color 

Pt-Co 

Max 

Specific 
Gravity  ® 
20*/20*C 

Bolting 

Point 

•c 

Freezing 

Point 

•C 

Flash  Point 
TOC 
•C  CF) 

Fire 

Point 

•CCF) 

Assay 
Min  Wt 
% 

Glacial  Acetic  Acid®'^’^'^ 
(Ethanoic  Acid) 
CH3COOH 

Liquid 

1.05 

118 

17 

43  (109) 

64  (148) 

99 

Acetic  Anhydride** 
(Acetyl  Oxide) 
(CH3C0)20 

Liquid 

1.08 

140 

-73 

56  (132) 

58  (137) 

99 

Butyric  Acid 
(Ethyl  Acetic  Acid) 
C3H7COOH 

Liquid 

15 

0.96 

164 

•8 

71  (160) 

75  (167) 

99 

Butyric  Anhydride 
(CjH,C0)»0 

Liquid 

— 

0.97 

195 

♦73 

84  (183) 

87  (189) 

98 

Crotonic  Acid 
(2-Butenoic  Acid) 
CHaCHiCHCOOH 

Solid 

15 

(APHA) 

0.96 

(80®/4®C) 

185 

70 

94  (202) 
COC 

97  (207) 

99 

2-Ethylhexoic  Acid 
(2-Ethylhexanoic  Acid) 
C4H9CH(C2Hs)COOH 

Liquid 

25 

0.91 

223 

-118 

118(245) 

COC 

127  (260) 

99 

Isobutyric  Acid 
(2-Methylpropanoic  Acid) 
(CH3)2CHC00H 

Liquid 

10 

0.95 

155 

-47 

62  (143) 

67  (152) 

99 

Isobutyric  Anhydride 
C3H14O3 

Liquid 

— 

0.95 

182 

-54 

72  (161) 

74  (166) 

98 

Propionic  Acid*'**’' 
CjHsCOOH 

Liquid 

10 

0.99 

141 

-22 

54(130) 

58  (137) 

99 

Propionic  Anhydride 

Liquid 

— 

1.01 

167 

-45 

66  (151) 

66  (151) 

98 

(C2HsCO)aO 


^Available  in  food  grade 
'‘Kosher  certified 
‘Avaiiabie  in  feed  grade 
'‘Availabie  in  reagent  grade 


Table  13.16:  Halocarbon  Products  BIOGRAOE  Trifluoroacetic  Acid  (25) 


SPECIFICATIONS: 


Assay  by  titration 

99.9%  Min. 

Trifluoroacetic  Anhydride 

nil 

Water 

0.05%  Max. 

Trace  Impur it ies  (Maximums ) 

Chloride 

0.001% 

Fluoride 

0.001% 

Sulfate 

0.001% 

Iron  (Fe) 

0.0001% 

Kesidue  after  evaporation 

0.0002% 

Color  (Platinum-Cobalt  Scale) 

5 Max. 

Ultraviolet  Absorbance  Maxima  (0*1% 

in  distilled 

water  vs.  distilled  water  in  1 

cm  cell  path) 

at  230  nm 

0.15% 

at  254. nm 

0.01% 
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Table  13.17:  EMERY  Fatty  and  Dibasic  Acids  (63) 


Dimer,  TMmer  and  Polybasic  Acids 


Speclflcationt 

Comparative  Typical  Composition^ 

Acid 

Value 

Color 

1963 

Gardner, 

max. 

Mono 

Short-Path 
Methyl  Ester 
Distillation 
Di 

Poly 

Mono 

High  Pressure 
Liquid 

Chromatography 

Di 

Poly 

Empol«>  1010  Dimer  Acid 
(polymer  grade) 

194-200 

1 

0 

97 

3 

4 

94 

2 

Empol  1014  Dimer  Acid 

194-198 

1 

95 

4 

4 

91 

5 

Empol  1016  Dimer  Acid 

190-198 

1 

60 

19 

6 

76 

16 

Empol  1016  Dimer  Acid 

190-198 

6 

Tr 

83 

17 

6 

79 

15 

Empol  1022  Dimer  Acid 

189-197 

8 

3 

75 

22 

9 

77 

14 

Empol  1024  Dimer  Acid 

190-198 

8 

Tr 

75 

25 

8 

77 

15 

Empol  1040  Trimer  Acid 

175-192 

- 

- 

7 

93 

2 

18 

60 

Empol  1041  Trimer  Acid 

161-181 

11 

- 

10 

90 

3 

35 

62 

Empol  1052  Polybasic  Acid 

' 250-2652 

dark 

- 

- 

33 

343 

633 

^Short  path  methyl  ester  fractbnation  measures  the  relative  molecular  size  of  the  various  components  of  these  acids.  High  pressure  liquid  chromatography 
(HPLC)  separates  components  according  to  their  functionality. 

^Not  a specification. 

^y  thin  layer  chromatography.  This  method  determines  compositbn  according  to  functionality. 


Food  Graded  Fatty  Acids 


• ■■  ■Iff ^ 

TwteH 

Satvrated  Acids  | 

Unsaluratad  i 

icidt 

Titer, 

iodine 

Value 

Color 
% Trans. 
440/550 

Acid 

^ O 

i ~ 

C o 

V 

1? 
o.  o 

S»i 

2 c5 

ra  w 

s ^ 

"o 

-p 

E ^ 

s.  ^ 

.a  % 

o « 

o 

.E  ** 

-•  c5 

1‘S 

c ** 

c5 

«C 

max. 

nm.,  min. 

Value 

o_ 

Emersol®  6320 
DP  Stearic  Acid 

53.9-54.7 

3.5-5.0 

86/99 

205-210 

2.5 

0.5 

50 

1 

40 

6 

Emersol  6332  NF 
TP  Stearic  Acid®.^ 

54.5-55.5 

0.5 

93/99 

205-211 

1.5 

miQy 

50 

1 

47 

Emersol  6349 
Stearic  Acid 

59.0-60.5 

0.5 

86/99 

203-206 

3 

0.5 

26.5 

1 

69 

Tr 

Emersol  6351 
Stearic  Acid^ 

65-68 

1.0 

84/98 

196-201 

1 

Tr 

7.5 

2.5 

88 

1 

Emersol  6313  NF 
Low-titer  Oleic  Acid3 

6 max. 

88-93 

75/98 

201-204 

3 

Tr 

5 

1 

Tr 

3 

6 

75 

6 

1 

Emersol  6321  NF 
Low-titer  White  0leic3 

6 max. 

67-92 

85/99 

201-204 

3 

Tr 

5 

1 

Tr 

3 

6 

75 

6 

1 

Emersol  6333  NF 
LL  Oleic  Acid3.3 

8-10 

86-91 

85/99 

200-204 

3 

Tr 

6.5 

1 

1.5 

3 

5.5 

73.5 

5.5 

^Meet  the  requirements  of  Federal  Food  Additive  Regulation  Section  21CFR  172.860, 

^Typical  compositions  determined  by  GLC  analysis,  AOCS  Ce  1-62.  These  compositions  are  not  manufacturing  specifications. 
HJSPXXI/NFXVI. 

^Powdered  grade  also  available. 

^mersoi  7051  Kosher  Grade  available. 

KL  (low-linoleic  content)  oleic:  polyunsaturate  6%  max. 


(continued) 


Acids  673 


Table  13.17:  (continued) 


Coconut  fatty  Acids 


SpocHIcotlont 

Typical  Cor 

npoiltlon^ 

Color 

Caprytic 

cw 

fN 

k" 

* o 

« c5  CJ  o 

II 

c5  — < c5 

Titer, 

®C 

Iodine 

Value 

% Trans. 
440/550 
nm.,  min. 

Gardner 

1963, 

max. 

Acid 

Value 

3 

o 

ft  ft 

.EX  Q>  X 

• 55  • 

Emery*  621  Coconut 
Fatty  Acid 

23-27 

5-16 

30/80 

5* 

258-266 

4 

5 

48 

20 

10 

2 

10  1 

Emery  622  Coconut 
Fatty  Acid 

22-26 

5-10 

65/96 

22 

268-276 

7 

6 

48 

19 

9 

2 

8 1 

Emery  625  Partially  Hydro- 
genated Coconut  Fatty  Acid 

23-25 

5.0  max. 

65/98 

1 

269-273 

7 

6 

49 

19 

9 

7 

3 

EiMiy  628  Low  IV  Ultra 
Coconut  Fatty  Acid* 

23-28 

1.0  mu. 

65/99 

1 

270-276 

7 

6 

51 

18 

10 

7 

1 

Emoiy  627  Low  IV,  Stripped, 
Ultra  Coconut  Fatty  Acid 

28-32 

1.0  mu. 

90m 

1 

252-256 

1 

55 

22 

11 

10 

1 

Emery  629  Stripped. 
Coconut  Fatty  Acid 

27-30 

6-10 

88/98 

1 

253-259 

1 

55 

23 

12 

3 

5 

^Typical  comf)ositions  determined  by  GLC  analysis,  AOCS  Ce  1-62.  These  compositions  are  not  manufacturing  specifications. 
^Typical  property. 

^Emery  7026  Kosher  Grade  available. 


Isostoaric  Acids 


Spociflcatlons 

Titer, 
®C.  max. 

Iodine 

Value 

Color 
% Trans. 
440/550, 
nm.,  min. 

Acid 

Value 

Emersol*  671  Isostearic  Acid 

10 

12  max. 

30/85 

175  min. 

Emersol  675  Isostearic  Acid 

10 

3 max. 

65/98 

187-197 

Oloic  Acids 


Speciflcatlont 

Typical  Composition^ 

Saturated  Adds  | 

Unsaturated  Acids 

Titer, 

®C 

Iodine 

Value 

Color 
% Trans. 
440/550 
nm.,  min. 

Acid 

Value 

o cS 
o 

= o 

ScJ 

u 

ro  " 

= o 

03 

O. 

•ao 

Ex 

rc  “ 
Q.  o 

•8o 
S*  X 

CO  ^ 

Z c5 

CM 

si 

“c5 

.a  r. 

03  O 

3 IQ 

*2  X 

u 

03  Q 

3 » 
« o 

a'l 

o • 
u 

0 
->  c5 

s'! 

-J  o 

Emersol®  210 
Oleic  Acid 

7-12 

87-95 

2/30 

197-204 

Tr 

3 

Tr 

5 

1 

1 

4 

6 

71 

6 

1 

Emersol  213  NF 
Low-titer  Oleic  Acid*>* 

5 max. 

88-95 

56/86 

199-204 

Tr 

3 

Tr 

5 

1 

Tr 

3 

6 

73 

8 

1 

Emersol  221  NF  Low- 
titer  White  Oleic  Acid*** 

5 max. 

88-95 

77/98 

199-204 

Tr 

3 

Tr 

4 

1 

Tr 

3 

7 

73 

6 

1 

Emersol  223  NF 
Ultra  Oleic  Acid* 

5 mu. 

88-95 

85/99 

199-204 

Tr 

3 

Tr 

4 

1 

Tr 

3 

7 

73 

8 

1 

Emersol  233  LL 
Oleic  Acid* 

6 mu. 

86-90 

78/99 

200-204 

Tr 

3 

Tr 

4 

1 

Tr 

3 

11 

74 

4 

Tr 

^Typical  compositions  determined  by  GLC  analysis,  AOCS  Ce  1-62.  These  compositions  are  not  manufacturing  specifications. 
Corresponding  food  grade  products  available 
Cor  external  use  only,  USP  XXI/NF  XVI. 

U (low-linoleic  content)  oleic:  polyunsaturates  5%  max. 
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Table  13.17:  (continued) 

Short-Chain  Acids* 


SpWlflCitlOAt  1 

Typical  Compoiltlon' 

Titer. 

Iodine 

Value 

max. 

Color 
% Trans. 
440/550 
nm.,  min. 

Acid 

Value 

si 

i! 

o 

* o 

Patmiiic 
1 C,(H«0{ 

Emery®  657 
Caprylic  Acid 

14-16 

0.2 

88/99 

385-390 

Tr 

99 

1 

Emery  658 
Capr^ic-Capric  Acid 

1-6 

0.3 

88/99 

356-366 

3 

56 

40 

1 

Emery  659 
Capric  Acid 

28-31 

0.5 

88/99 

322-326 

1 

97 

2 

Emery  650 
Laurie  Acid 

33-35 

0.4 

85/97 

268-272 

71 

28 

1 

Emery  651 
Laurie  Acid 

41-43 

0.2 

90/98 

■ ■ 

276-282 

Tr 

1 

96 

3 

Emery  652 
Laurie  Acid 

43  min. 

0.2 

90/98 

277-281 

Tr 

0.3 

99 

0.7 

Emery  655 
Myristic  Acid 

52.0*53.5 

0.5 

90/99 

243-246 

1 

97 

2 

’Typical  compositions  determined  by  GLC  analysis.  AOCS  Ce  1-62.  These  convositions  are  not  manufacturing  specifications. 
^Kosher  Grades  of  these  acids  are  available. 


stearic  and  Paimitic  Acids 


Sptcificitloflt  [ 

Typical  Composition' 

Titer, 

Iodine 

Value 

Color 
% Trans. 
440/550 
nm.,  min. 

Acid 

Value 

Saturated  Acids 

Unsaturated 

Acids 

«<i 

2,5 

u 

i - 

■O  ^ 
3 - 
c o 
0> 
o. 

J X 
a.  o 

O 

ill 

S-x 

re 

2 c5 

y o 
» 

3 ^ 
^c5 

y ^ 
< o 

H 

re  ,5 

% 
3 £ 

o « 

o 

-•  c5 

Emersol®  110  Stearic  Acid 

52.8-53.5 

8-12 

60/94 

205-210 

2.5 

0.5 

50 

2 

35 

9 

1 

Emersoi  120  Stearic  Acid^ 

53.7-54.7 

5-7 

88/99 

205-210 

2.5 

1 

50 

2.5 

39 

Tr 

5 

Tr 

Emersol  132  NF  Lily®  Stearic  Acid^< 

54.5-55.5 

0.5  max. 

93/99 

205-210 

2.5 

0.5 

50 

1.5 

45.5 

Emersoi  143  Paimitic  Acid 

58-61 

1 max. 

93/99 

215-223 

Tr 

0.5 

91 

4.5 

4 

Emersol  150  Stearic  Acid^ 

63.9-65.0 

1 max. 

93/99 

197-202 

2 

1 

11 

2 

83 

1 

Emersoi  152  NF  Stearic  Acid^ 

66.5-69.0 

1 max. 

80/97 

196-199 

7 

90 

3 

Emersol  153  NF  Stearic  Acid^ 

67-69 

1 max. 

80/97 

196-199 

5 

95 

Emery  400  Stearic  Acid 

52  min. 

9.5  max. 

1/40 

197-212 

Emery  404  Stearic  Acid 

53.5-54.5 

6-9 

1/50 

197-209 

Emery  405  Stearic  Acid‘ 

57  min. 

6 max. 

40/86 

195-205 

Emery  410  Stearic  Acid 

56.1-60.0 

7 max. 

40/86 

195-209 

3 

0.5 

25 

2 

63 

2.5 

4 

Emery  420  Stearic  Acid 

57.2-63.0 

1 max. 

85/98 

200-207 

4 

0.5 

29 

1.5 

65 

Tr 

Tr 

Emery  422  Stearic  Acid 

55.8-60.0 

1 max. 

90/99 

203-209 

3 

Tr 

41 

1 

55 

1 

^Typical  corripositlons  determined  by  GLC  analysis,  AOCS  Ce  1-62.  These  compositions  are  not  manufacturing  specifications, 
^rresponding  food  grade  products  available: 

Vor  external  use  only,  USP  XXI/NF  XVI. 

^Powdered  grade  also  available. 

minimum  stearic  content, 
tentative  specification. 
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Table  13.17:  (continued) 


Wm  and  Modilled  Fatty  Acids 


Color 
% Trans. 

Titer,  Iodine  440/550  Acid 

Value  nm..  min.  Value 

Saluraled  AcMi 

Uniihiralfd  AcMt 

l‘«  ll  II  II  il 
is  Is  2S  SS 

i 

ll  «i  ll  II 

go  c5  — * o -j  cj 

Emery*  531  Tallow  Fatty  Acid  36^  45-70  19/81  200-206 

2.5  0.5  27  1 17 

4 42  5 1 

Emery  401  Fatty  Acid  44-53  34-44  80/95  199-208 

Emery  876  Fatty  Acid  35-45  2-6  - 235-269 

Emery  677  Fatty  Acid  34-45  2 max.  47/932  240-270 

80%  Monobasic  acids,  20%  dibasic  acids 

Emery  878  Fatty  Acid  - 1 max.  70/95  295-315 

1 

^Typical  compositions  determined  by  GLC  anatysis,  AOCS  Ce  1-62.  These  compositions  are  not  manufacturing  specifications, 
^t  a specification. 


lillimii/Cocontit  Fatty  Acid  Blends 


SpicHIcilloiis 

Color 

% Trans. 

Acid 

Iodine 

Titer, 

440/550 

Value 

Value 

«c 

nm..  min. 

Emery*  515  Fatty  Acid 

212-218 

44-54 

35-40 

72/96 

Emery  516  Fatty  Acid 

214-216 

3542 

38-45 

70/94 

Entery  517  Fatty  Acid 

216-222 

42  max. 

37-40.5 

78/94 

Unolelc  and  Vagrtable  Fatty  Acldt 


Typical  ComposlUoii' 

Color 

% Trans.  Gardner 

Titer  Iodine  440/550  1963,  Acid 

*C  Value  nm.,  min.  max.  Value 

Salynted  Acids 

Unsalunisd  Acids 

sill  ll  il  ||s| 
35I3  |5  h 13*5 

ilH  «-5  il  II 
1 ^ s?  Is 

^ o g c5  U o '—1  u 

lIrSbIIc^*  5 max.  145-180  72«6  3 195-202 

Tr  Tr  19.5  05.5  10.5 

SfaSL  ’25-138  8(V90  3 195-205 

Tr  0.5  16  Tr  4 

1 25.5  48  5 

FlIMM  ^ 22«8  3 197-203 

11  4 

1 27  50  7 

^Typicai  compositions  determined  by  GLC  analysis,  AOCS  Ce  1-62.  These  compositions  are  not  manufacturing  specifications. 
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Table  13.18:  INDUSTRENE  and  HY8TRENE  Fatty  and  Dibasic  Acids  (26) 


Caprylic/Capric  Acids 


ACID  DESCRIPTION 
(CTFA  ADOPTED  NAME 
PRODUCT  CAS  NUMBER 


365*  {Mixture  Capiyllc/ 

Caprlc  Acid) 
67762-38-1 

• Available  only  in  bulk 

Typical  moisture  levels  are  below  0.3%. 


TYPICAL  CARBON  CHAIN  COMPOSITION 

SATURATED  UNSATURATED  OTHERS 


Lauric  and  Myristic  Acids 


SPECIRCATIONS 

1 TYPICAL  CARBON  CHAIN  COMPOSITION 

ACID  DESCRIPTION 
(CTFA  ADOPTED  NAME) 
PRODUCT  CAS  NUMBER 

% % TRANS  COLOR 

TITER  IODINE  ACID  UNSAP  440/5S0  LOVIBOND 

*C  VALUE  VALUE  MAX  nm,  MIN  MAX 

SATURATED 

C6  CIO  C12  C14  C18  CIS 

UNSATURATED 

C18:l 

OTHERS 

Industrcne  Distilled  Coconut  22-27  5-10  265-277  0.5  65/90  8.0Y-0.8R  7 6 50  19  9 2 

325  (Coconut  Acid) 

61788-47-4 

Industrene  Hydrogenated  23-26  3 Max  266-274  0.3  85/96  2.0Y-0.2R  7 6 51  18  9 2 

223  Coconut 

(Hydrogenated 
Coconut  Acid) 

67701-05-7 


Industrene  Stripped  Coconut  27-30  5-10  252-260  0.5  80/96  3.0Y-0.3R 

328  (Coconut  Acid) 

61788-47-4 


55  24  12  1 


Hystrene  Hydrogenated  26-33  1 Max  250-260  0.5  85/96  2.0Y-0.2R  1 1 55  23  12  8 

50 1 2 Stripped  Coconut 

(Hydrogenated 
Coconut  Acid) 

143-07-7 


Hystrene  95%  Laurie 

9512  (Laurie  Acid) 

143-07-7 


Hystrene 

9912 


99%  Laurie 
(Laurie  Acid) 
143-07-7 


41-44  0.5  Max  275-281  0.25  85/96  2.0Y-0.2R  1 96  3 


43-45  0.2  Max  276-281  0.25  92/98  I.OY-O.IR 


Hystrene  90%  Myristic  50-54  0.5  Max  238-245  0.3  85/96  2.0Y-0.2R 

9014  (Myristic  Acid) 


Hystrene  95%  Myristic  52-54  0.5  Max  241-247  0.3  92/98  I.OY-O.IR 

9514  (Myristic  Acid) 

544-63-8 

'rypical  inoialure  levels  are  below  0.3%. 


(continued) 
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Table  13.18:  (continued) 


1^  Stearic  and  Palmitic  Acids  ' || 

SPCCtnCATHMS  1 

TYPICAL  CARBON  CHAIN  COMPOSITION 

ACID  DESCRIPTION 
(CTFA  ADOPTED  NAME) 

TFTEH 

IODINE 

ACID 

% 

UNSAP 

% TRANS 
440/550 

COLOR 

SATURATED 

UNSATURATED 

OTHERS 

PRODUCT 

CAS  NUMBER 

•c 

VALUE 

VALUE 

MAX 

nm,  MIN 

MAX 

C14 

CIS 

CIS 

ClBtl 

Hystrenc 

9016 

90%  Palmitic 
(PalmiUcAcld) 

57-10-3 

59-62 

0.5  Max 

214-219 

0.2 

92/98 

I.OY-O.IR 

Lovibond 

1 

92 

6 

1 

Industrene 

5016 

Double  Pressed 
Grade 

(Stearic  Add) 

57-11-4 

53-56 

4-7 

207-210 

0.5 

88/96 

1.5Y-0.2R 

Lovibond 

3 

46 

42 

5 

4 

Hystrenc 
5016  NF-EXr 

Triple  Pressed 
Grade 

(Stearic  Add) 

57-11-4 

54.5-56.5 

0.5  Max 

206-210 

0.2 

92/98 

I.OY-O.IR 

Lovibond 

2 

51 

45 

2 

Hystrenc 

5016 

NF-EXr-VEG 

Triple  Pressed 
Grade 

(Stearic  Acid) 

57-11-4 

55-57 

0.7  Max 

205-210 

0.2 

88/96 

1.5Y-0.2R 

Lovibond 

1 

52 

46 

1 

Industrene 

4516 

45%  PalmlUc 
(Palmitic  Acid) 

57-11-4 

54-57 

2 Max 

204-209 

1 

88/96 

1.5Y-0.2R 

Lovibond 

2 

44 

52 

2 

Hystrenc 

4516 

45%  PalmlUc 
(Palmitic  Acid) 

57-11-4 

55-58 

0.8  Max 

203-209 

0.25 

92/98 

I.OY-O.IR 

Lovibond 

2 

43 

52 

3 

Industrene  R 

Stearic  Add 
57-11-4 

52-64 

10  Max 

193-213 

3 

12 

Gardner 

Industrene  B 

Stearic  Acid 

57-11-4  1 

57-63 

3 Max 

198-207 

1 

40/86 

3 

Gardner 

3 

28 

65 

4 

Industrene 

7018 

70%  Stearic 
(Stearic  Acid) 

57-11-4 

58-62 

1 Max 

200-207 

0.5 

70/92 

5.0Y-0.5R 

Lovibond 

3 

28 

65 

j 

4 

Hystrenc 

7018 

70%  Stearic 
(Stearic  Add) 

57-11-4 

58-62 

0.5  Max 

200-206 

0.3 

92/98 

I.OY-O.IR  i 
Lovibond 

2 

28 

66 

4 

Industrene 

9018 

90%  Stearic 
(Stearic  Add) 

57-11-4 

65-68.5 

2 Max 

195-201 

0.5 

70/92 

5.0Y-0.5R 

iiovtbond 

6 

91 

3 

Hystrenc 
9718  NF-EXT 

92%  Stearic 
(Stearic  Acid) 

57-11-4 

66.5-69 

0.8  Max 

195-200 

0.3 

92/98 

I.OY-O.IR 

Lovibond 

4 

94 

2 

Hystrenc 

9718 

NF-EXr-VEG 

92%  Stearic 
(Stearic  Add) 

57-11-4 

66.5-69 

0.8  Max 

195-200 

0.3 

92/98 

I.OY-O.IR 

Lovibond 

5 

94 

1 

Typical  moisture  levels  are  below  0.3%. 

(continued) 
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Table  13.18:  (continued) 


Arachidic  and  Behenic  Acids 


ACID  DESCRIPTION 
(CTFA  ADOPTED  NAME) 
PRODUCT  CAS  NUMBER 


SPECinCATIONS 


% % TRANS  COLOR 

TITER  IODINE  ACID  UNSAP  440/550  GARDNER 

*C  VALUE  VALUE  MAX  nm,  MIN  MAX 


TYPICAL  CARBON  CHAIN  COMPOSITION 


C14  CIS  CIS  C20  C20  & C22  C22 


Hystrene 

3022 


Hystrene 

5522 


Hystrene 

6022 


Hystrene 

7022 


Hystrene 

9022 


Hystrene 

9222 


30%  Arachidic 
and  Behenic 
(Hydrogenated 
Menhaden  Acid) 

112-85-6 

55%  Arachidic 
and  Behenic 
(Hydrogenated 
Menhaden  Acid) 

112-85-6 

60%  Arachidic 
and  Behenic 
(Behenic  Acid) 

112-85-6 

70%  Arachidic 
and  Behenic 
(Behenic  Acid) 

112-85-6 

90%  Arachidic 
and  Behenic 
(Behenic  Acid) 

112-85-6 

92%  Behenic 
(Behenic  Acid) 

112-85-6 


51-55  4 193-20 1 1 .5  50/90  3 


60-63  4 178-185  1.5  50/90  3 


68-71  2 169-177  1.5  50/90  3 


63-67  3 170-180  1.5  50/90  3 


67-72  3 165-175  1.5  50/90  3 


74-79  2 162-169  2.0 


6 30  30 


2 3 


30 


14  26  55 


27  10 


23  72 


90 


60 


93 


Typical  moisture  levels  are  below  0.3%. 


1 Erucic  Acids  || 

ACID  DESCRIPTION 
(CTFA  ADOPTED  NAME) 
PRODUCT  CAS  NUMBER 

SPECinCATIONS 

TYPICAL  CARBON  CHAIN  COMPOSITION 

% COLOR 

TITER  IODINE  ACID  UNSAP  GARDNER 

*C  VALUE  VALUE  MAX  MAX 

SATURATED  A UNSATURATED 
CIS  C20  C22  C24 

OTHERS 

Hystrene  90%  Erucic 

2290  112-86-7 

27-37  65-90  160-185  2.0  5 

(continued) 
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Table  13.18:  (continued) 


1 Tallow  Type  Acids  I 

SPECIFICATIONS 

TYPICAL  CARBON  CHAIN  COMPOSITION 

ACID  DESCRIPTION 
(CTFA  ADOPTED  NAME) 

TITER 

IODINE 

ACID 

% 

UNSAP 

% TRANS 
440/5S0 

COLOR 

SATURATED 

UNSATURATED 

OTHERS 

PRODUCT 

CAS  NUMBER 

•c 

VALUE 

VALUE 

MAX 

nm,  MIN 

MAX 

Ct2 

C14 

CIS 

CIS 

C16:l 

C18:l  C18:2 

Hystrene 

1835 

Soap  Blend 
(Mixture  Tallow/ 
Coconut  Acid) 
07701-05-7 

40  Max 

36-42 

214-222 

1 

78/94 

4.0Y-0.4R 

Lovlbond 

10 

6 

22 

18 

3 

33  3 

5. 

Industrenc 

143 

Tallow  1>pe 
61790-37-2 

39-43 

45-65 

201-206 

1.5 

5 

Gardner 

3 

24 

17 

5 

43  5 

3 

Induslrene 

145 

Tallow  Type 
01790-37-2 

44-49 

36-44 

198-207 

1.0 

80/93 

3 

26 

25 

3 

39  1 

3 

j 'rypical  moisture  levels  are  below  0.3%. 

1 Oleic  Acids  I 

SPECinCATIONS 

TYPICAL  CARBON  CHAIN  COMPOSITION 

ACID  DESCRIPTION 
(CTFA  ADOPTED  NAME) 

TITER 

IODINE 

ACID 

% 

UNSAP 

COLOR 

SATURATED 

UNSATURATED 

OTHERS 

PRODUCT 

CAS  NUMBER 

•c 

VALUE 

VALUE 

MAX 

MAX 

C14 

CIS 

CIS 

C16:l 

C18:l 

C18:2  C18:3 

Industrenc 

105 

High-Titer  Oleic 
(Oleic  Acid) 

112-80-1 

14  Max 

85-95 

195-204 

1.5 

6 

Gardner 

3 

6 

2 

6 

70 

10 

3 

Industrenc 

106 

Oleic 

(Oleic  Acid) 
112-80-1 

6 Max 

95  Max 

198-204 

1 

3 

Gardner 

2 

5 

2 

6 

72 

10 

3 

Industrenc 

205 

Oleic 

(Oleic  Acid) 
112-80-1 

14  Max 

85-95 

195-204 

1.5 

5.0Y-0.5R 

Lovlbond 

2 

5 

3 

5 

72 

9 

4 

Industrenc 

206 

Low-Titer  Oleic 
(Oleic  Acid) 
112-80-1 

6 Max 

95  Max 

199-204 

1 

7.0Y-1.2R 

Lovlbond 

2 

4 

1 

6 

72 

9 

6 

Industrenc 

210 

Canola 

67701-08-0 

13  Max 

100-125 

190-210 

10Y-1.5R 

Lovlbond 

7 

2 

63 

20  5 ! 

3 

Typical  moisture  levels  are  below  0.3%. 

(continued) 
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Table  13.18:  (continued) 


1 

Linoleic  and 

Linolenic  Acids 

SPECIRCATIONS 

TYPICAL  CARBON  CHAIN  COMPOSIDOF 

ACID  DESCRIPTION 

ACID 

% 

UNSAP 

« TRANS 
440/550 

COLOR 

GARDNER 

SATURATED 

UNSATURATED 

OTHERS 

PRODUCT 

CAS  NUMBER 

•c 

VALUE 

VALUE 

MAX 

nmi  MIN 

MAX 

CIS 

CIS 

C18:l 

C16:2 

C18:3 

Industrene 

120 

Linseed 

(Unolenlc  Acid) 

08424-40-3 

14-18 

185-200 

197-202 

1 

5 

7 

4 

20 

16 

52 

I 

Industrene 

130 

Olelc-Llnolelc 

67701-06-8 

30-38 

90-112 

198-206 

2 

4 

18 

10 

31 

32 

5 

4 

Industrene 

225 

Soya 

(Unolelc  Acid) 
67701-08-0 

25  Max 

135-150 

195-201 

2 

75/85 

2 

4 

5 

24 

57 

8 

2 

Industrene  Soya 

226  (Llnolelc  Acid) 

67701-08-0 

Typical  moisture  levels  are  below  0.3%. 

26  Max 

127-138 

195-203 

2 

70/85 

3 

11 

4 

24 

53 

6 

2 

Table  13.19:  NEO-FAT  Fatly  Adda  (59) 


•Ester  Number  1 Maximum 
xxxPeroxide  Index  Max  1 
xxFlash  Point  Min  300®F 
t2  Hours  at  200*C;  Lovibond  Cell. 

tPolyunsaturatesMa*5%  (continued) 
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Table  13.19:  (continued) 


PROPERTIES  OF  FATTT  ACIDS- 

-SATURATED,  UHSATURATEO,  AND  SUBSTITUTED 

Syttematic  name 

Number  of 
C elom> 

Viscotity 
cantM  poses 

a“c> 

index  of 
refraction 

ac) 

Saturated 

Capric 

Decanoic 

10 

2.88  (70) 

1.4130  (80) 

Undecylic 

Laurie 

Undecanoic 

Dodecanoic 

11 

12 

7.30  (50) 
4.43  (70) 

1.4164  (80) 
1.4191  (80) 

Myristic 

Tetradecanoic 

14 

5.83  (70) 

1.4236  (80) 

Pentadecylic 

Pentadecanoic 

15 

1.4254  (80) 

Palmitic 

HcMdecanoic 

16 

7.8  (70) 

1.4272  (80) 

Margaric 

Heptadecanoic 

17 

1.4287  (80) 

Stearic 

Octadecanoic 

18 

9.87  (70)  _ 

1.4299  (80) 

Arachidic 

Eicounoic 

20 

1.4250  (100) 

Behenic 

Oocosanok 

22 

1.4270  (100) 

Palmitoleic 

9-Hexadecenoic 

16 

1.44103  (70) 

Oleic 

9>Octadecenok 

18 

9.41  (60) 

1.4582  (20)3- 

truck 

13-Oocssenoic 

22 

1.4758  (20)_ 

Linoleic 

9,12‘Octadecadienoic 

18 

1.4699  (20)^ 

Linolenk 

9,12,15-Octadecatrienok 

18 

1.480  (20) 

Eleostearic 

9,1 1 ,13-Octadecatrie  rrak 

18 

1.5112  (50) 

Substituted 

1.4716  (20)^ 

Ricinoleic 

Vernolic 

12-Hydroxy'9-octadec€f»k 

12-Epoxy-9'OCtadecenok 

18 

18 

. 

1.4628  (40) 

SATURATED  FATTY  ACIDS  (C.H„Oj) 

Common 

Name 

Geneva 

Nomenclature 

Chemical 

Formula 

Molecular 

Weieht 

Acid 

Value 

Melting 
Point  “C 

Acetic 

n-Ethanoic 

CH,C00H 

60.05 

934.26 

16.6 

Butyric 

n-Butanoic 

C.HtCOOH 

88.10 

636.79 

-7.9 

Caproic 

n-Hexanoic 

C»H„COOH 

116.15 

483.00 

-3.4 

Caprylic 

n-Octanok 

CtHuCOOH 

144.21 

389.05 

16.7 

Capric 

n-Decanoic 

C,H„C00H 

172.26 

325.69 

31.6 

Laurie 

n- Dodecanoic 

C„H„C00H 

200.31 

280.08 

44.2 

Myristic 

n-Tetradecanoic 

C^HstCOOH 

228.36 

245.68 

53.9 

Palmitic 

n-Hexadecanok 

CuH.jCOOH 

256.42 

218.80 

63.1 

Stearic 

n- Octadecanoic 

CnH„COOH 

284.47 

197.23 

69.6 

Arachidic 

n-Eicosanoic 

C„H„C00H 

312.52 

179,52 

75.3 

Behenic 

n-Docosanoic 

C;,H4,C00H 

340.57 

164.73 

79.9 

Lignoceric 

n-Tetracosanoic 

C-,H4:C00H 

368.62 

152.20 

84.2 

UNSATURATED  FATTY  ACIDS  (C,H»..».0,  where  * 1»  »n  irtteger  from  1 to  5) 

Common 

Neme 

Caneua 

Nomencteture 

Chemical  Formula 

Acid 

Value 

Meltine 
Point  “C 

Iodine 

Value 

Molecular 

Weight 

one  double  BOND  

Myristoiek 

9-Tetradecenok 

CH,(CH,),CH-  CH(CH,)7COOH 

247.87 

-4.0 

112 

226.35 

Palmitoleic 

9>Hexadecenoic 

CH,(CH04CH-CH(CH07C00H 

220.53 

0.5 

100 

264.40 

Oleic 

ciS'9*Octadecenoic 

CH/CH07CH-CH(CH,),C00H 

198.63 

13.4 

90 

282.45 

Elaidic 

trans-9-Octadecer»oic 

CH,(CH07CH-CH(CH,)7C00H 

198.63 

46.5 

90 

282.45 

truck 

cis-13'Docosenoic 

CH/CH,>7CH-CH(CH0nC00H 

165.72 

34.7 

75 

338.57 

TWO  DOUBLE  BONDS 


Linoleic  9, 12-Octadecadienok 

CH,(CH0.CH-CHCH,CH-CH(CH07C00H 

200.06 

-5.0 

181 

280.44 

THREE  DOUBLE  BONDS  

Linolenk  9, 12, 15-Octadecatrienoic 

CH,CH,CHl«CHCH,CH- CHCHjCH- CH(CH07COOH 

201,51 

-10.5 

273 

278.42 

atieosteeric  9, 11, 13-OctadecBtrienok 

CH,(CHOiCH«  CHCH=  CHCH-  CH(CH,)iCOOH  

201.51 

49.0 

273 

278.42 
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Table  13.20:  Proctor  & Gamble  Fatty  Adda  (39) 


Fatty  Acids 


Chemical  Properties 

Wholf-Cet  Cocenot  lypf 
C403  C408  C409 

c-no 

¥tboie-Cet  Telew  Type 
T-n  T-W  T-22 

Seyo 

s-zto 

Smflewtr 

S-205 

Conole 

R-910 

ToIow/Cko 

TC-IOIOT 

2W-273 

(271) 

2S7-273 

(271) 

2ftft-27ft 

(271) 

2ftft-27ft 

(271) 

2ftft27ft 

(271) 

200-208 

(203) 

Mo-m 

no4i 

200-210 

(205) 

197-203 

(201) 

200oppx. 

194-202 

2H218 

(217) 

■•aMVUii* 

Umax. 

(U) 

5.0  moi. 
(3.2) 

iOnrax. 

(3.2) 

iO-70 

I2imk. 

(ft) 

3542 

(42) 

40-55 

(50) 

45-70 

(ftO) 

133  mm. 
03ft) 

140  appx. 

105-125 

3ft-41 

(39) 

Moisture  (%  KF) 

0.3  mox. 

lan 

0.3  max. 
lai) 

0.3  mox. 
(0.0ft) 

0.2  Biex. 

0l3imk. 

(0.05) 

QlThmx. 

(005) 

0i3  mox. 
(0.05) 

0.5  max 
(0.1) 

0.15  mox. 
(OJM) 

0.1  max. 

0.3  mox. 

0.3  max. 
(0.04) 

Physical  Properties 

Color,  CwdMf  (1963) 

(<n 

(<1) 

(<1) 

(<1) 

3rmx. 

(2) 

2 max. 
(1.5) 

3 max. 

3 mox. 

Color,  %Tronsmittonce 
d440imi/550niii 

85/95  min.  15/95  min  85/95  mia 
I9V97)  (91/97)  (91/97) 

80/95  miiL 

(80/9ft) 

W/naiii. 

IB/WI 

n/nnm. 

(W/M) 

Averoje  Moletulor  Weight 

1207) 

(207) 

(207) 

(208) 

(207) 

(27ft) 

(275) 

(27ft) 

(280) 

(280) 

(282) 

(Ml 

Titer  (C) 

(27) 

(25) 

(25) 

IISI 

(25) 

4447 

(45) 

(42) 

3744 

(39) 

21-25 

(23) 

12  mox. 

38-42 

(40) 

^>proximate 
Composition  (GC) 

81 

■ 

■ 

C6  Coproic 

<1 

<1 

1 

1 

1 

■ 

■ 

C8  Coprytic 

ft 

ft 

7 

7 

7 

■ 

1 

CIO  Copric 

ft 

ft 

ft 

ft 

ft 

■ 

1 

C12  Louric 

50 

50 

ft9 

ft9 

ft9 

■ 

■ 

1 

0.5 

10 

C14  MyrisHc 

19 

19 

18 

18 

18 

■ 

3 

2 

05 

ft 

C16  PoIirMc 

8 

8 

8 

8 

8 

2ft 

25 

22 

8 

5 

23 

C16u1  PiMoleic 

2 

3 

3 

■ 

3 

Cl/Morgork 

2 

2 

2 

■ 

0^3 

1 

CISSteoric 

9 

ft 

ft 

5 

ft 

25 

19 

18 

■ 

3 

2 

17 

C18>1  Oleic 

1 

ft 

ft 

5.07.0 

5 

40 

42 

43 

24 

20 

5ft 

35 

C18»2  Unoleic 

2 

1 

ft 

8 

52 

ft? 

23 

3 

C18«3  Unolenic 

1 

1 

8 

2.0  mox. 

■ 

C20Arocliidic 

0.3 

0.5 

H 

■ 

CAS  No. 

tfnii-os; 

tfTOIOSJ 

^IttSTT 

tf70l-0S7 

ftTTa-Oft-l 

tfTOtMft 

tfTOIOftfl 

6770108-0 

tfTOt-OS-O 

67701-080 

67701-068 

Light  Cut  Fatty  Acid  and  Meth^  Ester 

Fractionated 


Chemical  Properties 

C-810 

c-noL* 

a-810 

C-89S 

C*898 

C-899* 

C-1095 

Q1095 

Soponrfkotioii  Volue 

370  mox 
(365) 

366  max 

li 

395  max 

386*390 

33)  mox 
(326) 

295-305 

(302) 

Add  Value 

358-368 

(366) 

365-365 

(357) 

Is 

380-396 

(386) 

380*394 

385-389 

320-330 

(326) 

0.5  mox 
(0.3) 

Iodine  Volue 

0.5  mox 
(0.2) 

0.5  mox 
(0.2) 

0.5  mox 
(0.2) 

0i2m« 

(0.)) 

0.2  max 

0.2  max 

0.5  mox 
(0.3) 

0.6  mox 
(0.3) 

Moisture^  (%,KF) 

0.2  mn 
(0.06) 

0.2  mox 
(006) 

0.)5  mox 
(0.06) 

0.2  max 
(0.03) 

0.2  mox 

Oi  max 

ll 

ll 

(continued) 
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Table  13.20:  (continued) 


Physical  Prop>erties 


&v?l{y  4 " Ydlow/Red 

— 

KB 

10/1  max 

HI 

■1 

Color>%  Tronsm'rttance 
@ 460nm/550nm 

95  min 
(99) 

95  min 
(98) 

Avg.  Molecular  Weight 

1154) 

(157) 

(145) 

(144) 

(173) 

rifer,(Q 

(3) 

(3) 

114) 

(14) 

(30) 

Specific  GrovHy  25/25  C 

0.870 

(0.874) 

Melting  Point  (Q 

-29 

-14 

Approximate  Composition 


C6  Coproic 

6 max 
(4) 

S8r 

ID  max 

0.6  max 

C8  Coprylic 

53-60 

53-63 

51-58 

95.0  min 

98D  min 

99.0  min 

(55) 

(57) 

(55.9) 

(97.5) 

(0.9) 

(0.4) 

CIO  Copric 

34-42 

37-47 

34-42 

1.0  max 

0.6  max 

95.0  min 

95.0  min 

(39) 

(41) 

(39.3) 

(1.5) 

(96.9) 

(96.6) 

C12  Louric 

2 max 

1.5  max 

1.0  max 

0.5  max 

0.1  max 

(0.4) 

(0.6) 

(0.5) 

(0.0) 

(1.4) 

(1.7) 

C14  Myristic 

(0.2) 

CAS  No. 

67762-36-1 

67762-36-1 

67762-39-4 

124-07-02 

124-07-02 

124-07-02 

334-48-5 

110-42-9 

Table  13.21:  Union  Carbide  Acids  (19) 


2~Ethylhexoic  Acid 

isopentanoic  Acid 

Propionic  Acid 

Valeric  Acid 

C4H,CH(C2H8)C0CH 

C^HfCOOH 

C^HgCOOH 

C^H.COOH 

Molecular  Weight 

144.21 

102.13 

74.08 

102.13 

Pounds  per  gallon  @20''C 

7.56 

7.76 

8.28 

6.9 

Specific  Gravity  ® 20720®C 

0.09077 

0.9323 

0.9952 

0.9406 

Boiling  Point  ® 760  mmHg,  “C 

227.0 

175.0 

140.8 

185.5 

Vapor  Pressure  ® 20®C,  mmHg 
Percent  Solubility  ® 20®C 

>0.1 

0.21 

2.4 

0.1 

In  Water 

0.1 

— 

Complete 

2.4 

Water  In 

1.4 

— 

Complete 

13.0 

CAS  Registration  Number 

149-57-5 

503-74-2 

79-09-4 

109-52-4 

VAPOR  PRESSURE,  mm.  H| 


Table  13.21:  (continued) 


VAPOR  PRESSURE,  mm.  H| 


VAPOR  PRESBURES  AT  VARIOUS  TEMPERATURES 


TEMPERATURE,  "F. 


Amines 


ALKYL  AMINES 

Table  14.1:  Monomethylamine  (2) 


CH3NH2 


Monomethylamine  is  a colorless,  flammable  gas  with  a strong  ammoniacal  odor; 
it  is  sold  commercially  as  a 30%  by  weight  aqueaus  solution.  It  is  soluble  in 
ethyl  alcohol,  ethyl  ether,  and  many  other  organic  substances,  as  well  as  in 
water.  It  is  used  in  the  tanning  industry,  in  the  manufacture  of  dyestuffs,  in 
many  synthetic  products,  and  in  the  treatment  of  cellulose  acetate  rayon  for 
dyeing. 


Typicol  Properties  ond  Specificotions 


Boiling  point  (75  mm.) 

Flash  paint  (30%  solution) 

Melting  point 

Specific  gravity  at  -10.8VI5®C. 
Solubility  in  water 

Weight  per  gallon  (30%  solution)  at  68®F. 
Ammonia 

Concentration 

Formaldehyde 

Purity 


-6®C. 

0.3®C, 

-92.5®C. 

0.699 

Very  soluble 

7.7  lbs. 

Less  than  0.2%  by  weight 
of  solution 

3 to  3.5%  by  weight  in 
water  gas 

Less  than  0.3%  by  weight 
of  solution 

Not  less  than  98  mal  % of 
total  omines 


Table  14.2:  DImethyiamine  (2) 


(CH3)2NH 


DImethyiamine  is  a colorless  gas  with  a strong  ammoniacal  odor.  The  commercial 
product  is  an  aqueous  solution  containing  25%  by  weight  of  dlmethylamine.  It  is 
soluble  in  ethyl  alcohol,  ethyl  ether,  water,  and  many  organic  solvents.  It  is  used 
as  a dehairing  agent  in  the  tanning  industry,  in  the  manufacture  of  antioxidants, 
dyes,  flotation  agents,  gasoline  stabilizers,  pharmaceuticals,  rubber  accelerators, 
emulsifiers,  and  cleaning  compounds. 


(continued) 
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Amines  687 


Table  14.2:  (continued) 


pi  cal  Properties  and  Specifications 


Boiling  point  {764  mm.) 

Description 

Flash  point  (25%  solution) 

Melting  point 
Specific  gravity  at  -6®C. 

Solubility  in  water 

Weight  per  gallon  (25%  solution,  68® F.) 

Ammonia 

Concentration 

Formaldehyde 

Purity 


7.2  to7.3®C. 

Gas  at  ordinary  temperature 
Approx.  6.25®C. 

-96®  C. 

0.6865 

Soluble 

Approx.  7.8  lbs. 

Not  more  than  l%  by  wt.  of  sol . 

25  to  25.5%  by  wt.  in  water 
Not  more  than  0.5%  by  wt.  of  sol. 
Not  less  than  98  mol  % of 
total  amines 


Table  14.3:  Trimethylamlne  (2) 


(CH3)3N 

Trimethylamine  is  a colorless,  flammable,  easily  condensible  gas  with  a pungent, 
ammoniacal  odor.  The  commercial  product  is  an  aqueous  solution  containing  25% 
by  weight  of  trimefhylamine.  It  is  very  soluble  in  water  and  is  used  as  a warning 
agent  in  bottled  gas,  as  an  insect  attractant,  and  in  organic  synthesis. 


pi  cal  Properties  and  Specifications 


Boiling  point 
Critical  temperature 
Critical  pressure 
Decomposition  temperature 
Dielectric  constant  at  4®C. 
Electrical  conductivity 

Heat  of  combustion 
Ionization  constant  at  25® C. 

Heat  of  evaporization  at  BP 
Melting  point 
Specific  gravity  at  -5®C. 
Surface  tension  at  -4®C. 
Solubility  in  water  at  19®C, 

Absolute  viscosity  at  -33. 5® C. 
Ammonia 

Formaldehyde 

Purity 


Approx.  3.5®C. 

161®C. 

41  atm. 

800  to  1300®C. 

2.9 

2.2  x 10"  12  reciprical  ohms 
at  -33 .5®  C. 

578.6  kg.  cal . per  mol 
6.5  x 10"5  for  solutions 

0.001  N to0.06N 

95.6  cal.  per  g. 

-124®C. 

0.662 

17.4  dynes  per  cm. 

1 liter  of  aqueous  saturated  solution 
contains  410  g.  of  amine 
3.208  mill ipoises 
Not  more  than  0,2%  by  wt. 
of  solution 

Not  more  than  0.3%  by  wt. 
of  solution 

Nat  less  than  98  mol  % 
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Table  14.4:  Freezing  Points  of  Aqueous  Methylamlne  Solutions  (34) 


0 10  20  30  40  50 

WT  % METHYLAMINE 

Table  14.5:  Binary  Azeotropes  of  Methylamlnes  (34) 


A=  Monomethyl  amine 

Azeotrope 

Wt.%  A 

B — Component  as  follows: 

b.p.,  °C 

Trimethylamine  at  760  mm 

--  6.5 

70 

60  psig 

36 

85 

210  psig 

75 

90-92 

1’3  Butadiene 

- 9.5 

41.4 

1-Butene 

~13 

22.2 

cis-2-Butene 

- 9.6 

47.5 

trans-2-Butene 

-10.4 

48.5 

l-Butene-3-yne 

- 6.8 

97.5 

Isoprene 

Minimum  B.P. 

2-Methylpropane 

-19.9 

25.5 

2-Methyl  propene 

-14.3 

32 

Butane 

-14.0 

37.6 

Amylenes 

Minimum  B.P. 

A = Oimethylamine 

B - Component  as  follows: 

Trimethylamine  at  760  mm 

3 

26 

107  psig 

73 

72 

Ammonia 

Non -azeotrope 

3-Methyl-l-Butene 

Non-azeotrope 

A=  Trimethylamine 

B - Component  as  follows: 

Dimethyl  ether 

Non-azeotrope 

1 -Butene 

Non-azeotrope 

2-Methylpropene 

Non-azeotrope 

n-Butane 

Non-azeotrope 

2-Methylpropane 

Non-azeotrope 

Acetic  acid 

149 

20 

Ammonia 

-34 

27 

Boron  trifluoride 

230 

47 

Formic  acid 

179 

75 

Table  14.6:  Solubility  Data  for  Methylamines  {34) 


solubility  of  some  inorganic  salts  in  methylamines 


SALT 

CiD 

SALT 

(CoM^ 

Agt 

V 

V 

Ai 

V 

V 

s 

AgNO, 

V 

V 

- 

KAg(CN), 

— 

s 

AgiSOi 

s 

- 

- 

KCN 

s 

Ag>S04 

Ai 

— 

— 

Kl 

s 

j 

BaBrt 

- 

s 

— 

KNO, 

s 

Bal> 

A V 

A V 

As 

K,PtCl4 

- 

s 

Ba(NOi), 

s 

s 

s 

K,PtCU 

s 

- 

— 

Ba(SCN), 

V 

m 

i 

KSCN 

V 

— 

BiBr, 

_ 

V 

— 

LiCI 

V 

m 

— 

BiCI. 

A m 

- 

-- 

Mg(NO,), 

- 

As 

— 

Bil> 

A V 

V 

s 

NaBr 

— 

s 

— 

BiiSi 

s 

- 

- 

NaCIO, 

m 

s 

— 

Bfi" 

V 

Rv 

— 

NaN0> 

V 

s 

s 

CaCt 

i 

- 

NiS04 

i 

— 

Cal, 

V 

— 

P(red) 

s 

- 

i 

Ca(N0,), 

m 

i 

i 

P (yellow )« 

m 

- 

— 

CdBr, 

_ 

A m 

— 

PbBr, 

— 

m 

Cd(CN), 

_ 

m 

- 

Pbl,“ 

As 

As 

A s 

Cdi, 

— 

V 

m 

Pb(SCN), 

A V 

- 

m 

Cr,{S04), 

i 

- 

- 

PtI, 

- 

s 

— 

CuCI 

R 

— 

- 

S 

V 

~ 

s 

CuHAsO, 

s 

— 

- 

Sbl, 

- 

V 

i 

CuS 

s 

— 

i 

Snl4 

A i 

m 

— 

CuSCN 

V 

- 

- 

Sri, 

- 

Av 

— 

Cu  SO4 

i 

- 

— 

Sr(NO,), 

V 

- 

— 

Pel, 

_ 

m 

TINO, 

V 

m 

s 

Fe,(S04), 

Ai 

- 

- 

UrO,(C,H,0,), 

!•  S 

- 

- 

Hg(CN), 

V 

V 

UrO,(NO,), 

- 

- 

i 

Hgl, 

Hg(SCN), 

V 

s 

V 

m 

s 

ZnS 

i 

LEGEND:  v = very  soluble;  m = moderately  soluble;  s = slightly  soluble; 

i = insoluble;  A = formation  of  an  aminate;  R = marked  reaction 

u)  Bromine  reacts  with  dimethylaminc  with  the  evolution  of  heal  to  form  a very  soluble  crystal- 
line compound.  With  methylamine,  the  reaction  is  much  more  violent  and  a black  residue  is 
formed  in  addition  to  a soluble  crystalline  product. 

b)  Iodine  is  extremely  soluble  in  mono-  and  dimethylaminc.  but  not  in  trimeihylamine.  On 
standing,  the  deep  color  of  the  solution  fades  in  color.  Iodine  is  only  slightly  soluble  m 
trimethylamine  but.  after  some  weeks,  colorless  crystals  separate  from  this  solution. 

c)  Yellow  phosphorus  is  soluble  in  monomelhylamine,  forming  almost  colorless  solutions,  but 
on  standing  the  red  form,  which  is  only  slightly  soluble,  separates. 

d)  Pbb  turns  while  on  contact  with  the  amines.  By  healing  the  lubes  very  gently,  the  original 
yellow  color  returns,  indicating  that  the  amine  of  crystallization  has  been  removed.  On 
cooling,  the  Pbl:;  again  turns  white. 

e)  A solution  of  UrO:(C  gelatinizes  on  standing  for  some  days. 


solubility  of  methylamines  in  organic  liquids 

Volumes  of  gas  per  1 cc  of  liquid  Pressure  = 1 atmosphere;  temperature  = 20“C 


Aniline  271  cc 

An  i sole  89 

Benzyl  alcohol  314 

i-Butanol  298 

n-Butanol  303 

Cedrene  34 

o-Chloronaphthalene  52 

Cymene  48 

Oecahydronaphthalene  24 

Oiacetone  alcohol  420 

Dibenzylether  115 

o-Dichlorobenzene  64 

Diethanolamine  313 

Diethylaniline  60 

Diethylene  glycol  mono-ethyl  ether  336 

Dimethylaniline  64 

Dimethylcyclohexylamine  67 

Dimethylformamide  132 

Ethanol  440 

Ethylene  glycol  630 

Furfuryl  alcohol  413 

Methanol  654 

Methylcyclohexanol  219 

Monoethanolamine  216 

Monoethylaniline  113 

Monomethylanlllne  197 

Morpholine  255 

Nitrobenzene  88 

o-Nitrotoluene  86 

Pinene  34 

n-Propanol  339 

Quinoline  92 

Tetrahydronaphthalene  40 


CE) 

520  cc 

252 

528 

598 

504 

106 

174 

182 

116 

457 

154 

252 

497 

180 

588 

230 

187 

298 

727 

860 

679 

992 

439 

379 

324 

406 

580 

226 

221 

156 

600 

212 

170 


300  cc 

185 

322 

405 

379 

86 

130 

177 

156 

345 

120 

240 

74 

134 

216 

149 

187 

78 

600 

369 

410 

573 

256 

48 

228 

223 

138 

154 

149 

176 

439 

255 

151 


o-Tolutdine 
Triethylene  glycol 
Trimethylene  glycol 


88 

316 

480 


430 

488 

722 


242 

164 

307 
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Table  14.7;  Monoethylamine  (2) 


C2H5NH2 


Monoethylamine  is  a water-white  liquid  which  is  commercially  available  as  a 70%  aqueous 
solution.  It  is  soluble  in  ethyl  alcohol,  methyl  alcohol,  the  paraffin  hydrocarbons,  aromatic 
and  aliphatic  hydrocarbons,  ethyl  ether,  ethyl  acetate,  acetone,  fixed  oils,  mineral  oil, 
oleic  and  stearic  acids.  It  is  also  soluble  in  hot  paraffin  and  carnauba  waxes,  which  solidify 
when  cooled . 


Typical  Properiitt  and  Specification* 
{Anhydrotu  yrade) 


DiatillatioQ  range 

Flash  point  (open  cup)  Below  20*F 

Purity  97-99% 

Specific  gravity  at  15/15*C  0.689 

Weight  per  gallon  6.70  Iba 


(70%  Solution) 


Boiling  point 
Ck)lor 

Critical  temperature 
Dissociation  constant  at  25”C. 
Heat  of  combustion 

Heat  of  vaporization  at  15*’C 
Heat  of  solution  in  water  at  19°C 


16.6*C 
Water>white 
183. 2"C 
5.6  X 10-* 

Gas  9157  cal./g. 

Liquid  9068  cal./g. 

14.57  cal./g. 

6330  cal.  per  mol  of  solute 
at  infinite  dilution 


Melting  point 
Purity 

Specific  gravity  at  20V20®C 
Weight  per  gallon  (20*C) 


--80.6*C 
At  least  70% 
0.79-0.80 
6.63  Ibe. 


Table  14.8:  DIethylamine  (2) 


(C2H5)2NH 


DIethylamine  Is  a water-white  liquid  with  an  ammonlacal  odor.  It  is  soluble  In  water, 
ethyl  alcohol,  paraffin  hydrocarbons,  aromatic  and  aliphatic  hydrocarbons,  ethyl  ether, 
ethyl  acetate,  acetone,  fixed  oils,  mineral  oil,  oleic  and  stearic  acids.  It  dissolves  hot 
paraffin  and  carnauba  waxes,  which  solidify  when  cooled.  It  is  used  as  a selective  sol- 
vent for  the  removal  of  Impurities  from  oils,  fats,  ond  waxes  where  its  property  of  hydrating 
In  aqueous  solution  is  utilized;  also  used  in  the  manufacture  of  rubber  chemicals,  textile 
emulsions,  dyes,  flotation  agents,  resins,  polymerization  Inhibitors,  gum  inhibitors,  drugs, 
and  Insecticides. 


Typical  Propertie* 

Boiling  point 
Critical  density 
Critical  pressure 
Critical  temperature 
Dissociation  constant 
Flash  point  (open  cup) 

Heat  of  combustion 
Gas 
Liquid 

Heat  of  Vaporization  at  58°C 
Heat  of  solution  in  water  at 
room  temperature 
Melting  point 
Specific  gravity  at  20/20**C 

20/4“C 

Specific  heat  of  liquid  at  22. 5X 
Refractive  Index  at  17.6"C 
Viscosity  at  25°C 
Weight  per  gallon  (20**C) 
Distillation  range 
Initial  boiling  point 
Final  boiling  point 
Purity 

Water  insoluble 


and  Specification* 

56.0“C 
0.246  g./cc. 

36.2  atm 
223. S*C 

1.26  X 10-* 

Below  0*F 

9995  cal./g. 

9882  cal./g. 

91 .03  cal./g. 

8220  cal./mot  of  solute  at 
infinite  dilution 
-50.0*C 
0.71 
0.711 

0.516  cal./g. 

1.3873 

C.346  centipoise 
5.89  lbs. 

Not  below  53“C 
Not  above  59.6* 

At  least  98% 

None 
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Table  14.9:  Triethylamine  (2) 


(C2Hs)3N 


Triethylamine  is  a colorless  liquid,  freely  soluble  in  water  at  temperatures  below  18°C., 
soluble  in  ethyl  alcohol,  methyl  olcohol,  ethyl  ether,  ethyl  acetate,  aliphatic  and  aro- 
matic hydrocarbons,  acetone,  fixed  oils,  mineral  oil,  oleic  and  stearic  acids,  and  in  hot 
carnauba  and  paraffin  waxes,  the  latter  two  solidifying  when  cooled.  It  is  used  tn  the 
manufacture  of  corrosion  Inhibitors,  emulsifying  agents,  dyestuffs,  and  Insecticides. 


Typical  Propertiet  and  Specificaliont 


Boiling  point 

Critical  solution  temp)erature  (in  water) 
Dissociation  constant 
Flash  point  (open  cup) 

Heat  of  combustion 
Heat  of  solution  in  water 

Melting  point 
S[>ecific  gravity  at  20/20°C 
Refractive  index  at  20”C 
Weight  per  gallon  (20*’C) 

Color 

Distillation  range 
Initial  boiling  point 
Final  boiling  point 
Purity 

Water  insoluble  (20-30“C) 


SQ.S^C 

18"C 

6.4  X 10-« 

20"F 

10,248  cal./g. 

10,040  cal. /mol  of  solute  at 
infinite  dilution 
-114. 8"C 
0.730 
1.4003 
6.1  lbs. 

Water-white 

Not  below  85°C 
Not  above  91“C 
98.5%,  min. 

None 


Table  14.10:  n-Propylamlne  (2) 

1 -Aminopropane  CH3CH2CH2NH2 

n-Propylamine  is  a colorless  liquid  soluble  In  water,  methyl  and  ethyl  alcohols,  ethyl 
ether,  ethyl  acetate,  acetone,  aromatic,  aliphatic  and  paraffin  hydracarbons,  fixed 
oils,  mineral  oil,  oleic  and  stearic  acids,  and  hot  carnauba  and  paraffin  waxes,  the 
latter  two  solidifying  when  coaled. 


Boiling  point  (760  mm) 
Distillation  range 
Flash  point 
Melting  point 
Purity 

Refractive  index  at  20°C 
Specific  Gravity  at  20”C 
Weight  per  gallon  (at  20"C) 


49-50-C 
46-5rC 
Below  20"F 
-83“C 

95-99%  (min.) 
1.3910 
0.718 
5.99  lbs. 


Tabife  14.11:  Dl-n-Propylamine  (2) 


(C2H5CH2)2NH 

Di-n-propylamine  is  a colorless  liquid,  soluble  In  ethyl  alcohol,  methyl  alcohol,  ethyl 
ether,  ethyl  acetate,  acetone,  paraffin  hydrocorbons,  aliphatic  and  aromatic  hydro- 
carbons, fixed  oils,  mineral  oil,  oleic  and  stearic  acids.  It  dissolves  hot  paraffin  and 
carnauba  waxes  which  solidify  when  cooled.  It  is  partly  soluble  in  water. 


Boiling  point 

110-1“C 

Flash  point 

45“F 

Melting  point 

-39.6*C 

Purity 

97%  min. 

Specific  gravity  at  20*C 

0.74 

Refractive  index  at  20**C 

1.4063 

Weight  per  gallon  at  20*C 

6.18  lbs. 
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Table  14.12:  Mutual  Solubility  of  Di-n-Propylamine  and  Water  at  Various  Temperatures  (2) 


WXICHT  % AHINE 

TZHP.,  *C. 

WVICBT  % AUtHt 

T*liP.,  *C. 

1.96 

52.6 

47.54 

-1.5 

2.42 

44.1 

60.40 

4.2 

2.91 

36.1 

64.06 

8.0 

5.86 

12.2 

73.33 

17.5 

9.33 

-0.6 

78.69 

24.7 

12.27 

82.15 

31.2 

15.28 

85.83 

39.0 

25.21 

89.26 

49.0 

33.69 

93.25 

74.8 

44.68 

IHBEHII 

* Upon  cooling  to  —5.0**  the  first  blue  opalescence  was  noted  at  —4.9**. 


Table  14.13:  Solubility  Curve  at  25°  for  the  System  DI-n-Propylamine-Water-Ethanol  (29) 


Ethanol 


Water  Amine 


Table  14.14:  Isopropylamine  (2) 

2 “Ami  nopropane  CH3CH(NH2)CH2 

This  water-white,  primary  aliphatic  amine  is  available  commercially  in  an  anhydrous 
form.  It  is  soluble  in  water,  methyl  and  ethyl  alcohols,  ethyl  ether,  ethyl  acetate, 
aromatic  and  aliphatic  hydrocarbons,  acetone,  mineral  oil,  fixed  oils,  oleic  and 
stearic  acids.  It  is  soluble  in  hot  paraffin  and  carnauba  waxes,  which  solidify  on 
cooling.  It  is  potentially  useful  as  an  intermediate  in  such  manufactured  products  as 
dyestuffs,  surface-active  agents,  texti le  specialties,  pharmaceuticals,  bactericides, 
insecticides,  and  cleaning  compaunds.  It  is  also  used  as  a dehairing  agent  in  the 
leather  industry . 


Boiling  point  31.9**C 

Flash  point  <20**F 

Melting  point  — 101.2*C 

Specific  gravity  at  25/4*C  0.686 

Vapor  pressure  at  15**C  385  mm 

pH  of  0.1  N aqueous  solution  11.57 

Boiling  range  31-35°C 

Color  Water-white 
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Table  14.15:  Di-Isopropylamine  (2) 


[(CH3)2CHl2NH 


Di-isopropylamine  is  a water-white  liquid  with  an  amine  odor.  It  is  soluble  in  methyl 
alcohol,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and  aliphatic  hydrocarbons, 
mineral  oil,  fixed  oils,  oleic  and  stearic  acids,  and  only  partly  soluble  in  water.  It 
dissolves  hot  paraffin  and  carnauba  waxes  which  solidify  on  cooling. 

Boiling  range  81-85*0 

Flaah  point  20°F 

Specific  gravity  at  20/20*0  0.726 


Table  14.16:  n-Butylamine  (2) 

1 -Aminobutane  CH3CH2CH2CH2NH2 

n-Butylamine  is  a colorless  liquid  with  an  ammoniacal  odor.  It  is  miscible  with  water, 
ethyl  alcohol,  ethyl  ether,  paraffin  hydrocarbons,  and  many  organic  solvents,  and  dis- 
solves a wide  range  of  materials.  The  butylamine  salts  and  soaps  are  usually  soluble  in 
hydrocarbons.  It  behaves  in  many  ways  like  monoamylamine,  but  will  not  produce  a 
constant-boiling  mixture  with  water.  This  compound  is  used  in  the  manufacture  of 
specialty  soaps,  emulsifying  agents,  desizing  agents  for  textiles,  rubber  chemicals, 
flotation  agents,  corrosion  inhibitors,  dyestuffs,  insecticides,  and  pharmaceuticals. 


Boiling  point  (760  mm) 

77.8*C 

Flaah  point 

45*C 

Heat  of  combustion 

710  kg.  cal.  per  mol 

Melting  point 

-50.5*C 

Specific  gravity  at  20/20“C 

0.7385 

Solubility  in  water 

Complete 

Solubility  of  water  in  solvent 

Complete 

Refractive  index  at  20*C 

1.4044 

Viscosity  at  25"C 

0.68  centipoise 

Vapor  pressure  at  20*C 

0.01  mm 

Weight  per  gallon  at  20*C 

6.15  lbs. 

Acid  insoluble 

1 .0%  max. 

Distillation  range 

Initial  boiling  point 

Not  below  73.0*C 

Not  less  than  95% 

Below  82.0*C 

Final  boiling  point 

Not  above  86,0*C 

Purity 

94%  min. 

Table  14.17;  n-Dibutyiamine  (2) 


n-Dibuty lamine  is  a water-white  liquid  with  an  ammoniacal  odor.  It  is  miscible  with 
a large  number  and  variety  of  organic  solvents  but  its  solubility  in  water  is  limited. 

It  is  soluble  in  ethyl  and  methyl  alcohols,  ethyl  ether,  ethyl  acetate,  acetone,  ali- 
phatic, and  aromatic  hydrocarbons,  fixed  oils,  mineral  oil,  oleic  and  stearic  acids. 
While  It  dissolves  hat  paraffin  and  carnauba  waxes,  these  solidify  an  cooling.  It  is 
used  in  organic  synthesis  where  its  derivatives  are  used  as  flotation  reagents,  dyestuffs, 
rubber  vulcanization  accelerators  and  corrosion  inhibitors. 


Boiling  point 

lerc 

Flash  point  (open  cup) 

135*F 

Specific  gravity  at  20/20*C 

0.76 

20/4*C 

0.767 

Refractive  index  at  20*C 

1.4186 

Vapor  pressure  at  20*C 

2.5  mm 

Weight  per  gallon  at  20*C 

6.33  lbs. 

Acid  insoluble 

0.6%  max. 

Distillation  range 

Initial  boiling  point 

Not  below  153*C 

Not  less  than  05% 

Below  163*C 

Final  boiling  point 

Not  above  172"C 

Purity 

08%  min. 
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Table  14.18:  n-Tributylamine  (2) 


(C4H9)3N 

n-Tributylamlne  is  a water-white  to  light  yellow  liquid  with  an  ammonlaca!  odor.  It  is 
soluble  in  ethyl  alcohol,  methyl  alcohol,  aliphatic  and  aromatic  hydrocarbons,  ethyl 
acetate,  acetone,  fixed  oils,  mineral  oil,  oleic  and  stearic  acids,  hot  carnauba  and 
paraffin  waxes,  the  latter  two  solidifying  when  cooled,  and  most  organic  solvents.  It 
is  almost  insoluble  in  water.  Its  sulfuric  acid  salts  are  water-soluble.  It  is  used  in  the 
manufacture  of  corrosion  inhibitors,  emulsifying  agents,  dyestuffs,  and  insecticides. 


Boiling  point 

214"C 

Coefficient  of  expansion  per  "C 

0.00105 

Flash  point  (open  cup) 

187"F 

Melting  point 

-70"C 

Specific  gravity  at  20/20"C 

0.78 

20/4"C 

0.778 

60/15"C 

0.755 

Refractive  index  at  20°C 

1.431 

Surface  tension  at  20"C 

24.9  dynes/cm. 

Viscosity  at  25"C 

1 .35  centipoise 

at  60"C 

0.73  centipoise 

Weight  per  gallon  at  20"C 

6.5  lbs. 

Acid  insoluble 

0.25%  max. 

Distillation  range 

Initial  boiling  point 

Not  below  203"C 

Not  less  than  95% 

Below  216"C 

Final  boiling  point 

Not  above  219"C 

Purity 

99%  min. 

Table  14.19:  Isobutylamine  (2) 


(CH3)2CHCH2NH2 

Isobutylamine  is  a colorless  liquid  soluble  in  water,  methyl  and  ethyl  alcohols,  ethyl 
ether,  ethyl  acetate,  acetone,  aromatic  and  aliphatic  hydrocarbons,  fixed  oils,  mineral 
oil,  oleic  and  stearic  acids,  and  hot  paraffin  and  carnauba  waxes,  the  latter  two  solidi- 
fying when  cooled. 


Boiling  point  68-9*’C 

Flash  point  Below  20”F 

Melting  point  — 85*’C 

Specific  gravity  at  20“C  0.731 

Refractive  index  at  20°C  1.3985 

Weight  per  gallon  at  20*’C  6.10  lbs. 

Distillation  range  06-69°C 

Purity  99%  min. 


Table  14.20:  Diisobutylamine  (2) 


(C4H9)2NH 

Diisobutylamine  is  a colorless  liquid  soluble  in  ethyl  alcohol,  methyl  alcohol,  aromatic 
and  aliphatic  hydrocarbons,  ethyl  ether,  ethyl  acetate,  acetone,  fixed  oils,  mineral  oil 
oleic  and  stearic  acids.  It  is  insoluble  in  water  and  while  It  dissolves  hot  paraffin  and 
carnauba  waxes,  these  solidify  on  cooling. 


Flash  point  85" F 

Melting  point  — 70"C 

Specific  gravity  at  20"C  0.75 

Refractive  index  at  20"C  1.4124 

Weight  per  gallon  at  20"C  6.22  lbs. 

Distillation  range  136~140"C 

Purity  97%  min. 
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Table  14.21:  sec-Butylamine  (2) 


CH3CHNH2C2H5 

sec-Butylamine  is  a water-white  liquid  with  o characteristic  amine  odor.  It  is  soluble  in 
water,  methyl  and  ethyl  alcohols,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and  ali- 
phatic hydrocarbons,  mineral  oil,  fixed  oils,  stearic  and  oleic  acids.  It  dissolves  hot 
paraffin  and  carnauba  waxes  but  these  solidify  on  cooling. 


Boiling  point  (772  mm) 

66“C 

Flaah  point 

20*F 

Melting  point 

-104“C 

Specific  gravity  at  20/20*C 

0.725 

Boiling  range 

62-69*C 

Table  14.22:  Mono-n-Butyl  DIamylamlne  (2) 


C4H9N(C5H,,)2 

This  amine  is  a light  straw  colored  liquid  with  an  amine  odor.  It  is  soluble  in  acetone, 
ethyl  ether,  ethyl  acetate,  aromatic  and  aliphatic  hydrocarbons,  fixed  oils,  mineral  oil, 
and  oleic  and  stearic  acids.  It  is  insoluble  in  water,  methyl  alcohol,  and  although  soluble 
in  hot  poraffin  and  carnauba  waxes,  these  solidify  on  cooling. 


Fluh  point  200*F 

Specific  gravity  at  20/20°C  0.78S 

Weight  per  gallon  at  20°C  6.56  Iba. 

Boiling  range  229-241”C 


Table  14.23:  n-Amylamlne  (2) 


CH3(CH2)4NH2 


n-Amy!amine  is  a colorless  liquid  with  an  ammoniacal  odor.  Commercially  it  is  a mixture 
of  the  following  isomers,  although  a pure  product  is  available. 


terl-Amylamine 

82 

$ec  - laoamy  lami  ne 

87 

2-Aminopentane 

89 

3-Aminopentane 

90 

Active  amylamine 

94 

aec -Amy  lamina 

96 

n-Amylamina 

104 

It  is  miscible  with  water,  ethyl  and  methyl  alcohols,  ethyl  ether,  ethyl  acetate,  acetone, 
aromatic  and  aliphatic  hydrocarbons,  fixed  oils,  mineral  oil,  pyridine,  oleic  and  hot  stearic 
acids,  hot  paraffin  and  hot  carnauba  waxes,  the  latter  two  solidifying  when  cooled.  It  dis- 
solves a varied  range  of  materials  which  are  usually  dissolved  with  difficulty  by  other  organic 
solvents.  It  is  used  as  a corrosion  inhibitor  and  as  a base  for  emulsifiers  which  are  soluble  in 
vegetable  and  mineral  oils.  It  is  also  employed  in  textile  lubrication,  and  as  a raw  material 
in  the  manufacture  of  dyestuffs,  emulsifying  agents,  antioxidants,  desizing  agents  for  textiles 
and  pharmaceuticals. 


Boiling  point 

Coefficient  of  expanaion  at  20-60 
Conatant -boiling  mixture 
n-Amylamine 
Water 

Flaah  point  (open  cup) 

Heat  of  vaporiaation 
Melting  point 
Specific  gravity  at  20/20**C 
Specific  heat  at  00*F 
Befraotive  index  at  19*C 
Surface  tenaion  at  13**C 


102-104*0 

0.00116 

79-82.5%  82-85"C  B.P. 
21-17.5% 

65“F 

108  cal./g. 

-65*C 
0.76-0.78 
0.65  cal./g. 

1.4068 

24.4  dynea/cm. 


Viacoaity  at  20“C 
Vapor  preaaure  at  26*C 
Weight  per  gallon  at  20‘’C 
Color 

Diatillation  range 
Initial  boiling  point 
Not  leaa  than  95% 

Final  boiling  point 
Purity 

Water  dilution 


0.01018  poiae 
35  mm 
6.41  Iba. 
Water-white 

Not  below  84®C 
Below  100"C 
Not  above  110"C 
90%  min. 

20:1  min. 
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Table  14.24:  sec-Amylamlne  (2) 


CH3CH(NH2)C3H7 


sec-Amylamine  is  a colorless  liquid  with  on  amine  odor.  It  is  soluble  In  water,  methyl  and 
ethyl  alcohols,  aromatic  and  aliphatic  hydrocarbons,  ethyl  ether,  ethyl  acetate,  acetone, 
fixed  oils,  oleic  and  stearic  acids.  It  dissolves  hot  paraffin  and  carnauba  waxes  which 


solidify  when  cooled. 

Boiling  point  (760  mm) 

91-92"C 

Flash  point 

20"F 

Specific  gravity  at  20®C 

0.739 

Refractive  index  at  20*C 

1.4047 

Weight  per  gallon  at  20®C 

6.15  lbs. 

Distillation  range 

89-92X 

Purity 

95-99%  min. 

Table  14.25:  Diamylamine  (Mixed 

Isomers)  (2) 

(C5Hi,)2NH 


Diamylamine  is  a colorless  to  straw-colored  liquid  with  an  ammoniacal  odor,  which  Is  com- 
posed of  a mixture  of  amyl  isomers.  It  is  soluble  in  ethyl  alcohol,  methyl  alcohol,  ethyl 
ethers,  ethyl  acetate,  acetone,  aromatic  and  aliphatic  hydrocarbons,  fixed  oils,  mineral 
oil,  oleic  and  stearic  acids.  It  is  insoluble  in  water  and  while  soluble  in  hot  paraffin  and 
carnauba  waxes,  these  solidify  on  cooling.  It  is  a solvent  for  oils,  resins,  and  some  cellu- 
lose esters.  Introduction  of  the  amyl  group  imparts  oil  solubility  to  otherwise  oil-insoluble 
substances.  It  is  used  as  a corrosion  inhibitor,  and  in  chemical  synthesis. 


Coefficient  of  expansion  at  20-60*’C 
Flash  point  (open  cup) 

Heat  of  vaporization 
Specific  gravity  at  20/20®C 
Specific  heat  at  60°? 

Refractive  index  at  20°C 
Surface  tension  at  13°C 
Vapor  pressure  at  26*C 
Viscosity  at  20*C 
Weight  per  gallon  at  20**C 
Acid  insoluble 
Distillation  range 
Initial  boiling  point 
Not  less  than  95% 

Final  boiling  point 
Purity 
Sulfur 


0.00102 
158*F 
83  cal./g. 

0.77-^}.  78 
0.54  cal./g. 
1.4259 

24.4  dynes/cm. 

9 mm 

0.01264  poise 
6.45  lbs. 

0.5%  min. 

Not  below  175“C 
Below  202'’C 
Not  above  218“C 
99%  min. 

0.06%  min. 


Table  14.26:  Triamylamine  (Mixed  Isomers)  (2) 

(CsHh)3N 


Triamylamine  is  a water-white  to  light  yellow,  stable  liquid  which  is  strongly  basic  in  re- 
action. It  is  soluble  in  ethyl  alcohol,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and 
aliphatic  hydrocarbons,  fixed  oils,  mineral  oil,  oleic  and  stearic  acids,  and  in  hot  paraffin 
and  carnauba  waxes,  the  latter  two  solidifying  when  cooled.  It  is  insoluble  in  water  and 
methyl  alcohol . It  is  an  excellent  corrosion  inhibitor  of  steel  in  a 0. 13%  solution  in  normal 


sulfuric  acid.  It  is  used  in  the  manufacture  of 

Coefficient  of  eiqiansion 
Flash  point  (open  cup) 
Heat  of  vaporization 
Specific  gravity  at  20/20*'C 
Specific  heat  at  60**F 
Refractive  index  at  18**C 
Surface  tension  at  13**C 
Viscosity  at  20"C 
Vapor  pressure  at  26**C 
Weight  per  gallon  at  20*C 
Acid  insolubles 
Distillation  range 
Initial  boiling  point 
Not  less  than  50% 

Not  less  than  05% 

Final  boiling  point 
Purity 


Isifying  agents,  dyestuffs,  and  insecticides. 

0.00091 
215“F 
79  cal./g. 

0.79-0.80 
0.51  cal./g. 

1.4374 

24.4  dynes/cm. 

0.02421  poise 
7 mm 
6.60  lbs. 

1.0%  max. 

Not  below  234*C 
Above  244*C 
Below  266*C 
Not  above  260*C 
99%  min. 
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Table  14.27:  sec-Hexyiaminef^; 


CH3CHNH2C4H9 

sec-Hexylamine  Is  a colorless  liquid  with  on  amine  odor  and  soluble  In  water,  ethyl 
alcohol,  and  paraffin  hydrocarbons. 


Flash  point  55*F 

Specific  gravity  at  20*C  0.746 

Weight  per  gallon  6.22  Iba. 

DUtillation  range  107-110*0 

Purity  96-90% 


Table  14.28:  2-Ethylbutylamlne  (2) 


Hexylamine  (C2H5)2CHCH2NH2 

2-Ethylbutylamlne  Is  a water-white  liquid  with  an  amine  odor.  It  is  soluble  in  methyl 
and  ethyl  alcohols,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and  aliphatic  hydro- 
carbons, fixed  oils,  mineral  oil,  oleic  and  stearic  acids.  It  dissolves  in  water  and  while 
soluble  in  hot  paraffin  and  carnauba  waxes,  these  solidify  on  cooling. 

Flash  point  70*F 

Specific  gravity  at  20/20*0  0.776 

Boittng  range  121-126*0 


Table  14.29:  n-Heptylamine  (2) 


C7H15NH2 


n-Heptylamlne  is  a water-white  liquid  with  an  amine  odor.  It  is  insoluble  in  water  but 
soluble  in  ethyl  and  methyl  alcohols,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and 
aliphatic  hydrocarbons,  fixed  oils,  mineral  oil,  oleic  and  stearic  acids.  It  dissolves  hot 
paraffin  and  carnauba  waxes,  which  solidify  when  cooled. 


Flash  point  130*0 

Melting  point  —23*0 

Specific  gravity  at  20/20*0  0.779 

Boiling  range  150-100*0 


Table  14.30:  2-Ethylhexylamlne  (2) 

Octylamlne  C4H9CH(C2H5)CH2NH2 

Octylamine  is  a water-white  liquid  with  an  amine  odor.  It  is  insoluble  in  water  but 
soluble  in  methyl  alcohol,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and  aliphatic 
hydrocarbons,  fixed  oils,  mineral  oil,  oleic  and  stearic  adds.  It  dissolves  hot  paraffin 
and  carnauba  waxes,  which  solidify  on  cooling. 

Flash  point  136*F 

Specific  gravity  at  20/20*0  0.792 

Boiling  range  166-169*0 


Table  14.31:  DI-2-Ethylhexylamine  (2) 

Dioctylamlne  [C4H9CH(C2H5)CH2J2NH 

Dioctylamine  Is  a colorless  liquid  with  a faintly  amine  odor,  it  is  soluble  In  methyl  alcohol, 
ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and  aliphatic  hydrocarbons,  fixed  oils,  min- 
eral oil,  oleic  and  stearic  acids.  It  Is  insoluble  in  water  and  while  soluble  in  hot  paraffin 
and  carnauba  waxes,  these  solidify  when  cooled.  Among  the  large  number  of  substances  it 
will  dissolve  are  natural  and  synthetic  resins. 


Boiling  point  (760  mm) 
Flash  point 

Specific  gravity  at  20/20*C 
Solubility  in  water  at  20*C 


281. 1*C 
270*C 
0.8062 

0.02%  by  wt. 


Solubility  of  water  in  solvent  at  20*C  0.17%  by  wt. 

Vapor  pressure  at  20*C  0.01  mm 

Weight  per  gallon  at  20*C  6.71  Ibe. 

Boiling  range  269-280*0 
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Table  14.32:  Cyclohexylamine  (2) 


NH2 

I 


Cyclohexylamine  Is  a colorless,  causfic  liquid  wifh  a fishy,  amine  odor.  If  has  been  known 
since  1893,  but  not  until  1936  was  it  made  in  commercial  quantities  in  the  United  States. 

It  is  produced  by  the  catalytic  hydrogenation  of  aniline.  It  is  a strong  base,  even  stronger 
than  ammonia  or  the  ethanol-amines.  It  is  miscible  with  water  and  most  of  the  common  or- 
ganic solvents,  among  which  are  the  alcohols,  ethers,  ketones,  esters,  aliphatic  and  aromatic 
hydrocarbons,  both  pure  and  chlorinated.  It  is  used  as  a solvent  and  as  a corrosion  inhibitor. 
Either  alone  or  as  a soap,  it  is  employed  as  a wetting-out,  cleansing,  washing,  emulsifying 
or  dispersing  agent  in  the  textile  industry.  It  may  be  used  to  absorb  acidic  gases,  as  a pre- 
servative for  dyes,  as  an  insecticide,  and  in  the  printing  and  dyeing  of  textile  products. 


Typical  Properties  and  Specifications 


Boiling  point  (760  mm) 
Freezing  point 
Fire  point 
Flash  point 

Specific  gravity  at  25/25“C 
Refractive  index  at  25°C 
Weight  per  gallon  at  20^0 
Azeotropic  mixture 
Cyclohexylamine 
Water 

Distillation  range 


134.5”C 

-17.7“C 

30“C 

Below  0“C 
0.8647 
1.4565 
7.206  lbs. 

44.2%  by  wt.  B.P.  (760  mm)  96.4“C 
55.8%  by  wt. 

132.0-137 .5°C 


Table  14.33:  DIcyclohexylamine  (2) 


Dicyclohexylamine  is  a clear,  colorless  and  strongly  basic  liquid  with  a faint  odor.  It 
is  miscible  with  most  organic  solvents  but  only  slightly  soluble  in  water.  Unlike  cyclo- 
hexylamine, it  does  not  form  an  azeotropic  mixture  with  water.  It  is  more  toxic  than 
cyclohexylamine  when  absorbed  through  the  skin  and  when  large  amounts  are  absorbed, 
death  may  result. 

Dicyclohexylamine  soaps  are  good  emulsifying  agents.  This  solvent  may  be  used  to  ab- 
sorb acidic  gases,  to  preserve  rubber  latex,  to  plasticize  casein,  to  neutralize  plant  and 
insect  poisons,  and  as  a solvent  for  dyes  in  the  textile  printing  and  dyeing  industry. 


Typical  Properties  and  Specifications 


Boiling  point  (760  mm)  255. 8“C 

Freezing  point  -0.1°C 

Fire  point  160“C 

Flash  point  100“C 

Specific  gravity  at  25/25°C  0,9104 

Refractive  index  at  25“C  1.4823 

Weight  per  gallon  at  20“C  7.59  lbs. 

Boiling  range  252. 0-258. 0®C 

Purity  98%,  min. 
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Table  14.34:  ALIQUAT  Fatty  Quaternary  Ammonium  Chloride  (58) 


Product 
Description 
Percent  solids 


Aliquat  336* 

Methyl  tricaprylyl  ammonium  chloride 
88%  minimum 


* Aliquat  is  a registered  trademark  of  Henkel  Corp. 


Table  14.35:  KEMAMINE  Fatty  Quaternary  Ammonium  Chlorides  (26) 


Product 

Description 
(CTFA  adopted  name) 

% 

Active 

Min 

% 

Amine 

Max 

% 

Amine 

HCI 

Max 

Color 

Gardner, 

1963 

Max 

Kemamine  Q-2802C* 

Dimethyl  Di-Behenyl 
(Dibehenyl  Dimonium  Chloride) 

75 

2 

2 

4 

Kemamine  Q-9702C 

Dimethyl  Di-Hydrogenated  Tallow 
j (Quaternium-18)  j 

75 

1.5 

0.5 

^ 

2 . 

KemamiiM  Q-9743CHGW 

1 Trimethyl  Monoalkyl  | 

1 (Tallow  Trimonium  Chloride)  | 

65 

i 

^™5 

0.5 

4 

Itemamine  Q-9743C 

I Trimethyl  Monoalkyl 

(Tallow  Trimonium  Chloride) 

65 

:,3 

4 

Kemamine  BQ-9742C 

! Dimethyl  Tallow  Benzyl  | 

1 (Tallow  Alkonium  Chloride) 

j „ , 

™15^“ 

0.5 

6 

*Semicommerciai. 


Product 

Average 

molecuiar 

weight 

pHof5®/o 

solution 

Max 

9 

% 

Ash 

Max 

0.2 

Saturated 

mmm 

Cl4 

C 16 

Cl8 

C20 

C22 

C24 

Cl8:2 

Kemamine  Q-2802C* 

690 

2 

5 

10 

80 

3 



Kemamine  Q-9702C 

575 

. ...  j 

9 

0.2 

4 

29 

67 

Kemamine  Q-9743CHGW 

335-355 

9 

0.5  i 

4 

29 

25 

38 

4 

Kemamine  Q-9743C 

335-355  ^ 

9 

0.5 

4 

29 

25 

■ 

■ 

■ 

38 

■ 

Kemamine  BQ-9742C 

420 

9 

0.2 

! 4 

1 

29 

25 

■ 

■ 

■ 

38 

■ 

*$emicommerciai. 
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Table  14.36:  High  Molecular  Weight  Aliphatic  Amines  (59) 


Primwy  [ $<K»w4«ry  I Dlamiw 


N-«lkyl 

Chain 

Carbon 

Chain 

Langth 

a 

CD 

e 

• 

« 

E 

< 

§ 

C 

s 

g 

< 

C 

S 

s 

< 

a 

I 

g 

< 

a 

i 

< 

a 

(0 

a 

X 

B 

< 

f- 

X 

1 

B 

< 

a 

H 

X 

1 

B 

< 

S 

\\ 

< 

2 

1 

fi 

< 

H 

a 

1 

< 

a 

>- 

a 

1 

< 

CO 

1 

a 

< 

a 

CO 

fl 

1 

< 

o 

f 

B 

< 

a 

0 

1 
6 
< 

u 

1 

a 

< 

*- 

X 

r* 

a 

1 

< 

u 

1 

I 

Q 

Q 

U 

a 

: 

g 

Q 

CO 

1 

1 

a 

H 

1 

1 

0 

Hexyl 

6 

3 

— 

— 



— 



— 

— 





























Octyl 

8 

90 

4 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

8 

8 

8 

— 

8 

6 

— 



Decyl 

10 

7 

90 

2 

2 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 1 

9 

9 

9 

— 

9 

9 

— 



Dodecyl 

12 

— 

6 

95 

95 

4 

— 

— 

— 

— 

— 

— 

— ' 

— 

— ■ 

47 

47 

47 

— 

47 

47 

— 



Tetredecyl 

14 

— 

— 

3 

3 

92 

— 

2 

2 

— 

— 

2 

2 

— j 

— 

18 

18 

18 

— i 

18 

18 

— 

2 

Hexadecyl 

16 

— 

— 

— 

— 

4 

92 

24 

24 

6 

6 

24 

24 

20 1 

20 

8 

8 

8 

24  i 

8 

5 

20 

24 

Octadecyl 

18 

— 

— 

— 1 

— 

_ 

7 

71 

71 

90 

90 

28 

28 

17  1 

17 

Si 

5 

10 

75 

5 

5 

17 

28 

Octadecenyl 

18 

— 

— 

— 

— 

— 

! 1' 

3 

3 

4 

4 

46 

46 

26' 

26 

5! 

5 

— 

1 1 

5 

5 

26 

46 

Octadecadienyl 

18 

— 

— 

— 

— 

— 

— 

— 

“ ! 

— 

— 

-- 

— 

37 

37 

— 

— 

— 

— 

— 

— 

46 

Mol.  combining  weight 

135 

166 

213 

195 

227 

250 

300 

275 

300 

280 

298 

274 

297 

275 

223 

208 

450 

530 

321 

310402 

400 

Percent  Primary  Amine 

90 

— 

82 

94 

92 

95 

85 

95 

85 

95 

85 

95 

86 

95 

85 

95 

— ' 



40 

44! 

40 

40 

Percent  Secondary  Amine 

— ' 

— 

— 

— 

_ 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

85 

85 





— 

Approx.  Melting  Pt.  °C 

-13 

8 

24 

24 

29 

38 

57 

55 

55 

55 

46 

41 

31 

22 

24 

21 

46 

68 

22 

20 

40 

46 

Color— FAC 
Grade: 

3 

3 

9 

3 

3 

3 

11 

3 

11 

3 

11 

3 

19 
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11 

3 

9 

5 

19 

11 

13 

19 

D — EHstilled 
T — Technical 

D 

D 

T 

D 

D 

D 

T 

D 

T 

D 

T 

D 

T 

D 

T 

D 

D 

D 

T 

D 

T 

T 

Pltnwthyi  T»«llory  Amine | DIalhyl  Tartlwy  Aiwlwt 


Q 

0 

H 

a 

«o 

Q 

CD 

a> 

u 

0 

CO 

CO 
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H 

i 

i 

2 
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X 
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X 

Z 
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X 

X 

N 

M2C 

CO 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

a 

a 

z 

Z 

c 

c 

a 

a 

a 

c 

a 

N-alkyl 

Carbon 

: 

X 

X 

X 

X 

X 

X 

X 

X 

X 

• 

Chain 

B 

B 

E 

B 

B 

e 

6 

B 

B 

B 

B 

B 

Chain 

Langth 

< 
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< 

< 
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< 

< 

< 

< 

< 

< 

< 

Hexyl 

6 





__ 

















~~~ 

Octyl 
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— 

— 

8 

8 

— 

— 

— 

— 

— 

8 



Decyl 

10 

— 

— 

— 

— 

9 

9 

— 

— 

— 



9 



Dodecyl 

12 

— 

— 

— 

— 

47 

47 

— 

— 

— 

— 



47 



Tetradecyl 

14 

— 

— 

— 

18 

18 

— 

— 

2 

2 

2 

18 



Hexadecyl 

16 

92  1 

92 

6 

6 

8 

8 

20 

20 

24 

24 

24 

8 

20 

Octadecyl 

18 

i 7 1 

7 ; 

90 

90 

5 

5 

17 

17  ! 

71 

71 

71 

5 

17 

Octadecenyl 

18 

1 

1 

4 

4 

5 ; 

5 

26 

26  , 

3 1 

3 

3 

5 

26 

Octadecadienyl 

18 

— ^ 

— : 

— 

— 

— 1 

— 1 

37 

37  ; 

— 

~ 

— 

37 

Mol.  weight — theoretical 

271 

271 

295 

295 

224 

224 

289 

289 

289 

289 

522 

389 

520 

Mol.  combining  weight 

338 

295 

369 

321  i 

280 

244 

361 

314 

361 

314  i 

564 

436 

594 

Percent  Tertiary  Amine 

I 80 

92 

80 

92  i 

80 

92 

80 

92 

80 

92 



Approx.  Melting  Pt.  °C 

15 

10 

23 

20 

-10 

-15 

0 

-8 

17 

15 

28 

-5 

9 

Color — Gardner — 1 933 

5 

1 

5 

1 

5 

1 

10 

1 

5 

1 

D — Distilled 
T — Technical 

T 

D 

T 

D 

T 

D 

T 

D 

T 

D 

T 

T 

T 

Table  14.37:  Solubilities  of  Pure  Dodecyl-  and  Octadecyl-Trimethylammonium  Chlorides  in  Grams  per  100 
Grams  of  Solvent  (59) 


Salt— Solvent 

-10“ 

0“ 

10“ 

20“ 

30“ 

40“ 

45“ 

50“ 

55“ 

56.5“ 

60“ 

65“ 

70“ 

72“ 

80“ 

84“ 

86“ 

[ Methanol 

83.1 

113.8 

145.8 

180 

226.6  ' 











_ 

Acetone 

— 

— 

— 

— 

2.88 

9.76 

— 

41.75 

91.9 

110.6 











_ 

_ 

Dodecyl 

Acetonitrile 

— 

4.8 

10.9 

18.2 

32.8 

81.2 









; 







_ 

I Carbon 

[ tetrachloride 

— 

— 

1.21 

34.2 

102 

gel 





i 







_ 

__ 

Insoluble  in  ethyl  acetate,  bentene,  n-hexane  o) 

1 . 1 1 1 1 

r cyclohexane  at  95°. 

1 1 I I 

[ Methanol 

5.7  ; 

15.4 

32.5 

71.6 

112.8 

168 



252 





_ 

Ethanol(93.5%)3.7 

9.3 

25.6j 

43.1 

82.9  j 

132  1 

— 

210 

_ 















Acetone 

__ 

— 

_ 

— 

_ 

_ 

0.50 

0.71 

0.76 

— 













1 Acetonitrile 

— 

— 

— ; 

0.7 

1.8 

3.2  i 

_ 

5.1 

— 

9.9 



32.7 



78.6 





Octadecyl 

^ Carbon 

1 tetrachloride 

— 

— : 

_ 

— 

— 

0.40 



5.04 

36.2 







_ 

_ 

Chloroform 

13.6 

25 

40.8! 

56 

73.5  ' 

100  ' 

_ 

— 

— 

_ 

1 













Ethyl  acetate 

— 

— 

— . 

— 

__  , 

— 

— 

_ ■ 









1.22 

5.04 

Bentene 

— 

— 

~ 

— 

— 

— 

— 

— 

0.5 

_ 

3.1 

19 

46 





Insoluble  in  n>hexani 

» or  cyclohexane  at  95®C. 
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Table  14.38:  Solubilities  of  Organic  Compounds  in  Aliphatic  Amines  at  25°  ± 5°C  (1)(2) 


Abbrcvia* 

tioa 

ins.  Insoluble  or  extremely  slightly  soluble 

IS  Slightly  soluble 

s Moderately  soluble 

vs  Very  soluble 

vs-i*  More  than  vs 

es  Eitremely  soluble 

mtse  Miscible  (in  methylsmine  column  only) 

«o  Miscible  in  ail  proportions 

n Not  soluble  to  an  appreciably  greater  extent  in  hot  solvent 

X More  soluble  in  heated  amine,  crystallizes  on  cooling 

m More  soluble  in  heated  amine  (in  some  cases  because  of  chemical  reaction) 

p Separates  into  two  liquid  phases 

r ^iute  reacts  chemically  with  solvent.  Reaction  is  rapid  enough  to  be 

apparent.  All  acidic  substances  react  more  or  less  rapidly  with  amines. 
(The  letter  r has  been  omitted  in  these  cases) 

a Swells 

Numerals  Numerals  appearing  in  diethylamine  column  indicate  number  of  grams  of 
solute  (or  of  its  reaction  product  with  diethylamine)  per  100  cc.  of 
solution 


Approx.  Sol’y 
Range  per  lOO 
cc.  of  Solvent 
Cf  rams 

(O*  to  10) 

(10+  to  40) 

(40+  to  70) 

(70+ to  100) 
(100+  and  above) 


1 Acenaphthene 

2 Acetaldehyde 

3 Acetamide 

4 Acetanilide 

5 Acetic  acid 

6 Acetoacetic  ester 

7 Acetone 

8 Acetophenone 

9 p-Acetophenylene  diamine 

10  p'AcctotoIuide 

11  Acetylene 

12  Acetylene  tetrabromide 

13  Acetylsalicylic  acid 

14  Agar-agar 

15  Alanine 

16  Aldol 

17  Alizarin 

18  Aliyl  alcohol 

19  l*Aminoanthraquinone 

20  P-Aminobenzoic  acid 

21  m-Aminophenol 

22  o-Aminophenol 

23  Aminosulfonic  (sulfamic)  acid 

24  Ammonium  benzoate 

25  Ammonium  citrate 

26  Amyl  alcohol  (iso) 

27  a-Amyl  formate 

28  Anethole 

29  Anhydroformaldehydeanilinc 

30  Aniline  blue 

31  Anthracene 

32  Anthranilic  acid 

33  Anthraquinone 

34  Atoxyl 

35  Azobenzene 

36  Azoxybenzene 
3 7 Beeswax 

38  Bcnzalacetophenone 

39  Benzaldehyde 

40  Benzamide 

41  Benzene 

42  Benzidine 

43  Benzil 

44  Benzoic  acid 

45  Benzoic  sulfinide  (Saccharin) 

46  Benzoin 

47  Benzophenone 

48  Benzyl  acetate 

49  Benzyl  alcohol 

50  Borncol 

51  o-  B romoace  tanilid  c 

52  p*Bromoanilinc 

53  Bromcamphor 

54  Bromocresol  green 

55  1-Bromonaphthalcne 

56  p-Bromonitrobensene 

57  o-Bromo  toluene 

58  p- Bromo  toluene 

59  a-Butyl  alcohol 

60  tert- Butyl  alcohol 

61  n-Butyl  xyanide 

62  n-Butyl  ether 

63  n-Butyl  formate 

64  n-Butyl  stearate 

65  Caffeine 

66  (dictum  acetate 

67  n-(^lcium  butyrate 

68  Calcium  formate 

69  d-Camphor 

70  Carbon  disulfide 


A 

XX 


X 

X 

A 

KK 


X 

2 

c 

8 


vs-f- 

Tt  + X 


(continuefj) 
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Table  14.38  (continued) 


71  Casein 
77  Celhtlofc 

73  Cellulose  acetate 

74  Cellulose  nitrate 

75  Cerulein 

76  Cetyl  alcohol 

77  Chloroacctic  acid  (mono) 

78  p-Chlorodiphenyl 

79  Chloroform 

80  Cholesterol 

81  Chromotropic  salt 

82  Cinchonine 
63  Cinnamic  acid 

84  Coconut  oil 

85  Copal 

86  Crystal  violet 


C^loheianol 
>>Diani 


bianisidine  (bianisidine) 
sv  Diazoaminobentene 

90  ^Dibromobentene 

91  2.3'  Dibromopropyl  alcohol 

92  Dichloramjne-T 

93  p.  Dichlorobenzene 

94  DichloroKsIlein 

95  Dichlorohydrin 

96  l.J'Dihydroxvquinosaltne 

97  Dime  thy  alminoazobenzene 

98  p.Dimcthylaminobcnxaldehyde 

99  Dimethylaniline 

100  Dimethylethylcarbinol 

101  Dimethylely  oxime 

102  2.6'Dimetnylquinoline 
lOJ  2,2'DinaphthyUirJne 

104  2,4'Dinitroanilinc 

105  m-Dinitrobentene 


ins 

ins 

ins 


ins 

inta 


vix 

vsr 


ins 


VS  + 
VB+f 


106  3.5-Dinitrobcnzoicadd 

107  4,4'-DinitrodiphenyI 

108  3,4'Dinitro-l-naphthob7-suIfonic  acid 

109  2.4'DinitrophenoI 

110  2.4'DinitrotoIucne 

1 1 1 Diphenyl 

112  Diphenylamine 

113  Diphen  ylbenzamide 

114  Diphen  y Iguanidine 

115  Diphen yl  ketoxime 

1 16  Diphenyl  sulfone  (phenyl  sulfone) 

117  Oiphenylurea  (sym.) 

118  4.4'-Oipyridyl  (btpyridtnc) 

1 1 9 Di'P-tolylselenide 

120  Eosin 

121  Ethyl  akohoi 

122  Ethyl  carbonate 

123  Ethyl  cyanoacctatc 

124  Ethylene  dibromide 

125  Ethylene  glycol 

126  Ethyl  iodide 

127  Ethyl  matonate 

128  Ethyl  oxalate 

129  Ethyl  sulfate 

130  Pluorene 


131 

132 

133 

134 

135 


Fluorescein 
Galactose 
Caltein 
Gallic  acid 
Gelatin 


136  Glucose 

137  d'Glucose  pentaaoetate 

138  Glycerol 

139  Guaiacol 

140  Guanidine  nitrate 


141 

142 

143 

144 

145 


Gum  arabic 

Hacid 

Hemoglobin 

H exaeth  ylbenzene 

H exa  methylenetctrainine 


146  Hipnuric  acid 

147  Hydrazine  sulfate 

148  Hydroquinone 

149  Hydroxylaaiina  hydrochloride 

150  Indigotin 


vs  BS  ss  Si 

ss  vs  ss  ss 


s ss  asx  vs 

SSX  SSK  ssx  ssx 


sm 

ssx 


ss 

BS 

SS 

VS 


ss 

s 

vs 


vs 

ss 


vs 

s 

vs 


ss 


ins 

ss 

ins 


Vi 


spr 


sx 

41  s 

es  vs  es 

BS 

SS  ins 


ssx  SSX 

SS  ins 

ss  ins 


00 

00 


ss  ins 


insn  insn 

ins  ins 

SB  ins  sen 


(continueij) 
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Table  14.38:  (continued) 
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Table  14.39:  Vapor  Pressure  of  Various  Amines  (37) 


-20  ”10  0 10  20  30  40  50  60  70  80  90  MO  130  150  170 


TEMPERATURE, ®C. 


VAPOR  PRESSURE  IN  MILLIMETERS  OF  MERCURY 


Table  14.40:  Vapor  Pressure  of  Sharpies  Amines  {37) 


—20  —10  0 10  20  30  40  50  60  70  80  90  100  120  140  160  180  200 

TEMPERATURE  — DEGREES  CENTIGRADE 


Amines 
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ALKYLENE  DtAMINES 

Table  14.41:  Ethylene  Diamine  (2) 

NH2CH2CH2NH2 

Ethylenediamtne  ts  a water-white,  hygroscopic  liquid  with  a strong  ammonlacal  odor.  The 
commercial  product  Is  a 78%  solution  af  ethylenedlamine  by  weight.  It  is  used  In  the  syn- 
thesis of  organic  rubber  accelerators.  Insecticides,  textile  processing  chemicals,  emulsifiers, 
plastics  and  pharmaceuticals.  It  is  also  used  as  a corroslan  Inhibitor. 


78%  solution 


Boiling  point  (760  mm) 

117.2*C 

Dielectric  constant  at  18°C 

16.0 

Flash  point  (open  cup) 

llO’F 

Heat  of  combustion 

425.6  cal. /mol 

Heat  of  solution  at  15“C 

7.6  cal. /mol 

Ionization  constant  at  25°C 

7.1  X 10-^ 

Latent  heat  of  evaporization 

167  cal./g. 

Latent  heat  of  fusion  (0°C) 

77  cal./g. 

Melting  point 

11.0'C 

Specific  gravity  at  20/20*C 

0.8995 

Solubility  in  water  at  20°C 

Complete 

Solubility  of  water  in  solvent  at  20“C 

Ck)mplete 

Refractive  index  at  26*C 

1.4540 

Vapor  pressure  at  20°C 

10.7  mm 

Viscosity  at  25“C 

0.0154  poise 

Weight  per  gallon  at  20**C 

7.49 

Constant-boiling  mixture 

Ethylenediamine 

80%  by  wt.  B.P.“C 

Water 

20%  by  wt.  118.5 

Boiling  range  (760  mm) 

115  to  122*C 

Color 

Water -white 

Purity 

78%  by  wt. 

Table  14.42:  Boiling  Point  Composition  Curves  for  Aqueous  Ethylenedlamine  Solutions  (2) 


Table  14.43:  Diethylenetrlamlne  (2) 


NH2CH2CH2NHCH2CH2NH2 

Diethylenetrlamlne  is  a colorless  liquid,  completely  miscible  with  water  and  many  organic 
solvents.  It  Is  a solvent  for  sulfur,  acid  gases,  numerous  natural  resins  and  dyes.  It  is  also 
used  in  organic  synthesis  and  as  a saponification  agent  for  acidic  materials. 


Boiling  point  (760  mm)  207. 1*C 

Flash  point  (open  cup)  215°F 

Specific  gravity  at  20/20X  0.9542 

Vapor  pressure  at  20®C  0.03  mm 

Weight  per  gallon  at  20**C  7.94  lbs. 
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Table  14.44:  Boiling  Point  Composition  Curves  for  Aqueous  Diethylenetriamine  Solutions  (2) 


— 
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_J 
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■ 
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■ 

■ 

m 
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■ 

n 

m 

s 

■ 
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■ 

r 

J 

■ 
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■ 

IIO 

MO 
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- 

EE 

■ 

i 
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■ 
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m 
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■ 
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■ 
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- 
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(cx>l  I I * I I I I L 1 1 J — I — I — 1—1 1—1 1—1 i 

O IOJ0  30  40  S04070B0  90  iOO| 

P(R  CEMT  DiETHYLENErRtAMINE  8Y  WEtGHT 


Table  14.45:  Tetraethylenepentamtne  (2) 

NH2(CH2CH2NH)3CH2CH2NH2 

Tetraethylenepentaml ne  Is  a viscous,  hygroscopic  and  high-boiling  liquid.  It  Is  miscible 
with  water  and  many  organic  solvents,  and  is  a solvent  for  dyes,  resins,  sulfur,  and  acid 
gases.  It  also  forms  soaps  with  fatty  acids  and  it  is  employed  in  the  synthesis  of  emulsifiers, 
plastics,  and  in  rubber  reclaiming. 


Boiling  point  (760  mm)  333**C 

Flash  point  325°F 

Specific  gravity  at  20°C  0.998 

Vapor  pressure  at  20"C  0.01  mm 

Weight  per  gallon  at  20*C  8.31  lbs. 

Boiling  range  (760  mm)  320**-360**C 


Table  14.46:  Propylenedlamlne  (2) 

1,2-Diaminoprapane  CH3CH(NH2)CH2NH2 

Propylenediamine  is  a water-white  liquid  with  an  ammoniacal  odor.  It  is  miscible  with 
water  and  many  organic  solvents,  among  them  being  benzene  and  naphtha.  It  does  not 
form  a constant-boiling  mixture  with  water.  It  is  a solvent  for  such  substances  as  cellu- 
lose nitrate,  castor  oil,  shellac,  pine  oil,  copal  gum,  rosin,  and  dyes. 

It  behaves  much  like  ethylenediamine  but  it  is  considered  superior  in  solvent  power. 

It  is  used  in  the  monufacture  of  gasoline  additives. 


Boiling  point  (760  mm) 

Flash  point  (open  cup) 

Specific  gravity  at  20/20*C 
Solubility  in  water  at  20^C 
Solubility  of  water  in  solvent  at  20*C 
Vapor  pressure  at  20*C 
Weight  per  gallon  at  20^C 
Boiling  range  (760  mm) 

Purity 


119. 7*C 

120“F 

0.8732 

Complete 

Complete 

9.4  mm 

7.27  lbs. 

112-122*C 

80%  by  wt.  min. 
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Table  14.47:  Solvent  Properties  of  Alkylene  Diamines  (2) 


ETHYUCNl 

DUmNl 

PtOrVlSHK 

DIAMIWI 

TIIETHY- 
14  HI 

TCTtAMINl 

Hoarao- 

UNX 

MOKPEO- 

UHK 

ETBANOL 

MOaPBOUNE 

ETBYt 

ETBXa 

Water 

M 

M 

M 

M 

M 

M 

Alcohol 

M 

M 

M 

M 

M 

M 

Glycols 

M 

M 

M 

M 

M 

M 

Glycol  ethers 

M 

M 

M 

M 

M 

M 

Acetone 

M 

M 

M 

M 

M 

M 

Methyl  butyl  ketone 

S 

S 

S 

M 

M 

M 

Ethyl  ether 

S 

S 

S 

M 

M 

M 

Butyl  ether 

SS 

s 

SS 

M 

M 

M 

Naphtha 

s 

s 

SS 

s 

1 

M 

Beniene 

M 

M 

s 

M 

M 

M 

Turpentine 

1 

1 

1 

M 

M 

M 

Pine  oil 

M 

M 

M 

M 

M 

M 

Paraffin  oil 

1 

1 

1 

1 

1 

M 

Castor  oil 

M 

M 

M 

M 

M 

M 

Linseed  oil 

I 

1 

I 

M 

s 

M 

Paraffin  wax 

SH 

SH 

SH 

SH 

SH 

ss 

Beeswax 

I 

I 

SH 

1 

1 

ss 

Shellac 

S 

S 

S 

S 

s 

s 

Rosin 

s 

S 

s 

s 

ss 

s 

Ester  gum 

SS 

SS 

SS 

s 

s 

s 

Dammar  gum 

I 

I 

I 

PS 

PS 

s 

Copal  gum 

s 

S 

s 

s 

s 

s 

Sulfur 

vs 

vs 

s 

ss 

ss 

ss 

Vinylite  A 

G 

G 

G 

s 

G 

ss 

Vinylite  N 

s 

S 

S 

s 

S 

s 

Vinylite  0200 

G 

G 

G 

s 

G 

s 

Cellulose  acetate 

G 

G 

G 

s 

s 

I 

Cellulose  nitrate 

S 

S 

s 

s 

s 

s 

Benzyl  cellulose 

SS 

SS 

SS 

s 

s 

s 

Water-sol.  dye 

s 

s 

SS 

I 

I 

I 

Alcohol-sol.  dye 

s 

s 

s 

s 

s 

s 

Oil -sol.  dye 

s 

s 

s 

s 

s 

s 

Satd.  brine 

M 

M 

M 

M 

M 

s 

M — miscible  in  all  proportions 
S - sol.  to  over  5% 

SS  « sol.  from  1 to  5% 

PS  « sol.  in  part 


1 > sol.  to  less  than  1% 
SH  " sol.  hot 
VS  - very  sol. 

G - gels. 


Table  14.48:  Vapor  Pressures  of  Alkylene  Diamines  and  Other  Amines  (19) 


TEMPERATURE  *C. 
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Table  14.49:  Density  of  Ethyienediamine  Solutions  {23) 


Table  14.50:  Density  of  Higher  Ethylene  Amines  (23) 


0 20  40  60  80  100  120  1 40  160 


TEMPERATURE,  °C. 
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Table  14.51:  Viscosity  of  Ethylenediamine  Solutions  (23) 


TEMPERATURE,  'C. 


Table  14.52:  Viscosity  of  Higher  Ethylene  Amines  (23) 


TEMPERATURE,  °C. 


COMPARATIVE  DATA 

Table  14.53;  Akzo  ARMEEN,  DUOMEEN,  TRIAMEEN,  ETHOMEEN,  Ethoxylated  Diamines,  Propoxyiated  Amines  (59) 
Armeen  Primary  Amines 


Fn* 


SPECIFICATIONS 


TYPICAL  PROPERTIES 


Registered 

Tradename 


Duomeen  C 
Duomeen  CD 
Duomeen  T 
Duomeen  TTM 

Duomeen  OL 
Duomeen  LT-4 

Duomeen  S 


Common  Name* 


N-coco- } ,3  diamrnopropane 


N-coco  1 ,3-diam  I nopropane 


N-tallow-1 ,5 -diaminopropane 

N.N,N’-trimethyl-N’- 

tallow- 1 ,3-diaminopropane 


N'Oleyl  1 .3  tiiaminopropane 

3-tallowalkyl-1.3- 

hexahydropyrimidtne 

N Soyaalkyl  trifnethylenediamines 


TSCA 

Number 


61791-63-7 


61791-63-7 


61791-55-7 

68783-25-5 

7173  62  8 

EPA  Usted 


Amine 

Number 


Gardner 

Color 


Max. 


Iodine 

Value 


Min. 


Moisture 


Max. 


5 

- 

p 

3 

- 

l.O 

; 5 

30 

1.0 

8 

1 

1.0 

10 

70 

1, 

0 

8 

- 

0. 

,5 

12 

60 

1 

0 

Equivalent 

Weight 


Appearance 
@ 25  °C 


133 

Liquid 

130 

Liquid 

Registered 

Tradename 


Triameen  T 
Tetrameen  T 


SPECIFICATIONS 


Common  Name* 


TSCA 

Number 


Amine 

Number 

Min. 


N-tallowaikyl  dipropylene  tnamifu 


N-tallowalkyl  tripropylene  tetramine 


Gardner 

Color 


Max. 


Iodine 
. Value 


Min. 


Moisture 

% 


Max. 


TYPICAL  PROPERTIES 


Equivalent 

Weight 


Melting 

Point 


Amine 

Number 


Registered 

Tradename 


Ethomeen  C/1 2 
Ethomeen  C/15 
Ethomeen  C/20 
Ethomeen  C/25 
Ethomeen  0/12 


SPECIFICATIONS** 


Common  Name* 


Ethoxyiated  (2)  cocoalkylamine 


Ethoxylated  (5)  cocoalkylamine 


Ethoxyiated  (10)  cocoalkylamine 


Ethoxylated  (1 5)  cocoalkylamine 


Ethoxylated  (2)  oleylamine 


Min. 


Max. 


TYPICAL  PROPERTIES 


Primary 

plus 

TSCA  Gardner  Secondary 

Number  Equivalent  Weight  Color  Amine,  %; 


Amine 

Number 


Appearance 
@ 25  *C 


^continued) 


Amines 
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Table  14.53:  (continued) 


Registered 

Tradename 


Ethomeen  0/ 1 5 
Ethomeen  T/12 
Ethomeen  T/ 1 5 
Ethomeen  T/25  ' 
Ethomeen  5/ 12 
Ethomeen  S/1  S 
Ethomeen  S/20 
Ethomeen  S/2S 
Ethomeen  18/12 
Ethomeen  18/15 
Ethomeen  18/20 
Ethomeen  18/25 
Ethomeen  18/60 


TSCA 

Common  Name*  • * Number 


Ethoxy lated  [5)  oleylamine j 58253-4S)-9 

Ethoxylated  (2)  tatlovvatkyidinine  I hi /9l  A/*  A 

Ethoxylated  (5)  tallowalkylamlne  61791-26-2 

Ethoxylated  ( 1 5)  tallowalkylamme  6 ! /9 1 26  2 

Ethoxylated  (2)  soyaalkylamine  6 1 791  -24-0 

Ethoxylated  (5)  soyaalkylamiiu*  61  791  2A  0 

Ethoxylated  ( 1 0)  soyaalkylamine  61791  -24-0 

Ethoxylated  ( 1 5)  soy^}a^kylamlne  61791  -24-0 

Ethoxylated  p)  octadecylamine  10213-78-2 

Ethoxylated  (5)  od-xlecyl.imiru*  26639  92  / 

Ethoxylated  (10)  octadecylamine  26655-92-7 

Ethoxylated  ( 1 5)  {KtatJe<  vkimirM-  26639  92  / 

Ethoxylated  (50)  octadecylamine  26635-92-7 





Primary 

plus 

Gardner  Secondary 
Equivalent  Weight  Color  Amine,  % 

Min.  Max.  Max. 


Amine 

Number 


Appearance . 
@2SK 


Liquid  to  Paste 
Liquid  to  Paste 


Liquid  to  Paste 
Lii|uid  to  Paste 
Paste  to  Solid 


Ethoduomeen  Ethoxylated  Diamines 


SPECIFICATIONS 


Registered 

Tradename 


Ethoduomeen  T/1 3 
Ethoduomeen  T/20 

Ethoduomeen  T/25 


Common  Name* 


TSCA 

Number 


Equivalent  Weight 
Min.  Max. 


Primary 

plus 

Secondary 
Amine,  % 

Max. 


TYPICAL  PROPERTIES 


Equivalent 

Weight 


Appearance 

C«25°C 


Ethoxylated  (3)  N-ia)low-1.3-diaminopropane 

61790-85-0 

220 

250 

2 

239 

Liquid 

Ethoxylated  (10)  N-tallow-1,3- 
diaminopropane 

61790-85-0 

375 

405 

2 

144 

Liquid 

Ethoxylated  ( 1 5}  N-tallow- 1,3- 
diarnmopropane 

61790-85-0 

489 

515 

2 

112 

Liquid 

Propomeen  Proxylated  Amines 


Registered 

Ti^adename 

I' 

I’ 

I: 


CAS  Name 


SPECIFICATIONS- 


TSCA 

Number 


Equivalent  Weight 
Min.  Max. 


Gardner 

Color 

Max. 


Tertiary  . 
Amine,  %\ 

Min.  ! 


TYPICAL  PROPERTIES 


Amine 

Number 


Appearance 
@25  “C 


Propomeen  C/12 
Propomeen  0/1 2 
Propomeen  T/1 2 


N-cocoalkyj  1,1 

irninobis-2  propanol 

685)6-06-3 

308 

318 

95 

1 /9 

Ha?y  Liquid 

N-oleyl-1,r-iminobis- 

2-propanol 

65086-71-7 

371 

591 

6 

97 

147 

Clear  Liquid 

N-tatlowalkyl-1,r 

iminobis  2 propanol  i 

68951  72  4 

573 

585 

5 

i 

99 

148 

Clear  Liquid 

(continued) 
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Table  14.53: 


(continued) 


ARI\4EEN  Aliphatic  Amines 


TRADE  NAME 

' CTFA  ADOPTED  NAME 

FORM 

1 CONC  (%) 

JfADOQnv  1 

Armeen  CD 

Cocamine 

Liquid 

98 

Armeen  2C 

Dicocamine 

Solid 

90 

Armeen  DMCD 

Dimethyl  Cocamine 

Liquid 

95 

Armeen  DMMCD 

Dimethyl  Cocamine 

Liquid 

95 

Armeen  12D 

Lauramine 

Liquid 

95 

Armeen  DM1 2D 

Dimethyl  Lauramine 

Liquid 

95 

Armeen  16D 

Palmitamine 

Solid 

98 

Armeen  DM16D 

Dimethyl  Palmitamine 

Liquid 

95 

Armeen  18D 

Stearamine 

Solid 

90 

Armeen  DM18D 

Dimethyl  Stearamine 

Liquid 

95 

Armeen  SD 

Soyamine 

Paste 

98 

Armeen  DMSD 

Dimethyl  Soyamine 

Liquid 

95 

Armeen  TD 

Tallow  Amine 

Solid 

98 

Armeen  HTD 

Hydrogenated  Tallow 
Amine 

Solid 

^ 98 

Armeen  DMHTD 

Dimethyl  Hydrogenated 
Tallow  Amine 

Liquid 

95 

Armeen  2HT 

Hydrogenated  Ditallow 
Amine 

Solid 

92 

Armeen  OD 

Oleamine 

Paste 

98 

ETHOMEEN  Ethoxylated  Aliphatic  Amines 


TRADE  NAME 

CTFA  ADOPTED  NAME 

FORM 

CONC  (%) 
(APPROX.) 

Ethomeen  C/12 

PEC  - 2 Cocamine 

Liquid 

99 

Ethomeen  C/15 

PEC  - 5 Cocamine 

Liquid 

99 

Ethomeen  C/2u 

PEC  - 1 0 Cocamine 

Liquid 

99 

Ethomeen  C/25 

PEC  - 1 5 Cocamine 

Liquid 

99 

Ethomeen  18/12 

PEC  - 2 Stearamine 

Solid 

99 

Ethomeen  18/15 

PEC  - 5 Stearamine 

Solid 

99 

Ethomeen  18/20 

PEC  - 1 0 Stearamine 

Liquid  to  Paste 

99 

Ethomeen  18/25 

PEC  - 1 5 Stearamine 

Liquid  to  Paste 

99 

Ethomeen  18/60 

PEC  - 50  Stearamine 

Paste  to  Solid 

99 

Ethomeen  0/12 

PEC  - 2 Oleamine 

Liquid 

99 

Ethomeen  0/15 

PEC  - 5 Oleamine 

Liquid 

99 

Ethomeen  0/25 

PEC  - 1 5 Oleamine 

Liquid 

99 

Ethomeen  S/12 

PEC  - 2 Soyamine 

Viscous  Liquid 

99 

Ethomeen  S/15 

PEC  - 5 Soyamine 

Liquid 

99 

Ethomeen  S/20 

PEC  - 1 0 Soyamine 

Liquid 

99 

Ethomeen  S/25 

PEC  - 1 5 Soyamine 

Liquid 

99 

Ethomeen  T/12 

PEC  - 2 Tallow  Amine 

Paste 

99 

Ethomeen  T/15 

PEC  ' 5 Tallow  Amine 

Liquid  to  Paste 

99 

Ethomeen  T/25 

\ PEC  - 1 5 Tallow  Amine 

Liquid  to  Paste 

99  , 

(continued) 
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Table  14.53:  (continued) 

Solubilities  of  Normal  Saturated  Primary  Fatty  Amines  in  Various  Solvents 

All  temperatures  are  in  degrees  Centigrade. 

Solubilities  are  in  g/amine  per  100  g/ solvent. 


Benzene  Acetone 


No.  of  Carbon 
Atoms  in  Amines 

10° 

20° 

30° 

40° 

50° 

No.  of  Carbon 
Atoms  in  Amines 

-20.0° 

0.0° 

20.0° 

30.0° 

40.0° 

50.0° 

10 

395 

X 

X 

X 

X 

10 

6.6 

54 

X 

X 

X 

X 

12 

72 

277 

X 

X 

X 

12 

0.3 

8.1 

266 

X 

X 

X 

14 

26.4 

83 

302 

X 

X 

14 

0.1 

15.5 

228 

X 

X 

16 

10.0 

30.7 

98 

388 

X 

16 

<0.1 

4.7 

445 

X 

18 

4.2 

14.8 

52 

173 

1000 

18 

<0.1 

3.7 

17.0 

Cyclohexane 


10° 

20° 

30° 

40° 

50° 

10 

318 

X 

X 

X 

X 

12 

57 

230 

X 

X 

X 

14 

19.9 

68 

268 

X 

X 

16 

7.4 

26.6 

86 

360 

X 

18 

2.8 

13.2 

42.9 

144 

940 

Tetrachloromethane 


-20.0° 

0.0° 

20.0° 

30.0° 

40.0° 

50.0° 

10 

10.5 

57 

X 

X 

X 

X 

12 

5.5 

19.8 

148 

X 

X 

X 

14 

2.3 

7.7 

56 

235 

X 

X 

16 

0.5 

3.2 

21.2 

73 

335 

X 

18 

<0.1 

0.6 

7.7 

27.9 

120 

835 

Trichloromethane 


-40.0° 

-20.0° 

0.0° 

20.0° 

30.0° 

40.0° 

50.0° 

10 

KB 

43.0 

148 

X 

X 

X 

X 

12 

9.2 

20.0 

56 

315 

X 

X 

X 

14 

4.5 

1 1.2 

29.5 

1 10 

308 

X 

X 

16 

2.4 

6.6 

17.0 

56 

117 

378 

X 

18 

3.3 

9.4 

31.9 

63 

149 

845 

2'Butanone 


-20.0° 

0.0° 

20.0° 

30.0° 

40.0° 

50.0° 

10 

10.0 

65 

X 

X 

X 

X 

12 

3.6 

18.6 

290 

X 

X 

X 

14 

0.2 

2.8 

48 

285 

X 

X 

16 

8.3 

48 

580 

X 

18 

0.2 

6.3 

85 

1975 

Methanol 


-40.0° 

-20.0° 

0.0° 

20.0° 

30.0° 

40.0° 

50.0° 

10 

31.0 

172 

550 

X 

X 

X 

X 

12 

4.8 

29.7 

196 

930 

X 

X 

X 

14 

= 0.2 

2.8 

62 

292 

770 

X 

X 

16 

0.2 

6.1 

1 16 

256 

785 

X 

18 

0.6 

15.6 

95 

256 

1440 

Ethanol 


-40.0° 

-20.0° 

0.0° 

20.0° 

30  0° 

40.0° 

50.0° 

10 

8.5 

91 

350 

X 

X 

X 

X 

12 

2.0 

14.1 

115 

660 

X 

X 

X 

14 

1.5 

30.2 

218 

660 

X 

X 

16 

3.0 

83 

239 

770 

X 

18 

0.1 

7.2 

75 

280 

1630 

Ethyl  Ether  Isopropanol 


-40.0° 

-20.0° 

0.0° 

20.0° 

30.0° 

34.5° 

-40.0° 

-20.0° 

0.0° 

20.0" 

30.0° 

40,0° 

50.0° 

10 

12 

14 

16 

18 

1.4 

0.2 

12.1 

3.4 

0.2 

86 

22.6 

5.8 

0.2 

X 

275 

71 

18.5 

4.4 

X 

X 

273 

72 

22.7 

10 

X 12 

705  ^ 

135 

46.8  ]| 

11.1 

4.7 

0.6 

49.0 

15.0 
3.7 
0.4 

228 

75 

25.1 

7.3 

0.5 

X 

492 

154 

68 

30.0 

X 

458 

169 

86 

i 

228 

X 

X 

X 

X 

1330 

Ethyl  Acetate 

n-But 

anol 

-20.0° 

0.0° 

20.0° 

30.0° 

40.0° 

50.0° 

-40.0° 

-20.0° 

0.0° 

20.0° 

30.0° 

40.0° 

50,0° 

10 

12 

14 

16 

18 

14.8 

4.7 

1.7 
0.3 

69 

18.6 

7.8 

3.2 

0.9 

X 

211 

57 

19.7 

9.5 

X 

X 

233 

63 

27.0 

Js 

100 

^ 10 

X 12 

X 14 

^ 16 

845  18 

9.5 

2.4 

0.2 

30.8 

8.5 

2.4 

<0.1 

182 

57 

16.5 

3.9 

0.4 

X 

430 

130 

55 

22.7 

X 

X 

405 

148 

75 

X 

X 

X 

515 

208 

.1 

Butyl  Acetate  Acetonitrile 


20.0° 

30.0° 

40.0° 

50.0° 

-20.0° 

0.0° 

20.0° 

30.0° 

40.0° 

50.0° 

10 

13.3 

69 

X 

X 

X 

X 

10 

2.8 

12.7 

X 

X 

X 

X 

12 

4.4 

23.0 

221 

X 

X 

X 

12 

0.2 

27.7 

X 

X 

X 

14 

1.4 

9.7 

62 

233 

X 

X 

14 

1.8 

14.9 

X 

X 

16 

0.2 

3.5 

23.9 

64 

295 

X 

16 

0.2 

1.3 

14.8 

X 

18 

1.0 

11.4 

30.4 

100 

845 

18 

0.3 

1,9 

10.5 

(continued) 
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Table  14.53:  (continued) 


Vapor  Pressure  Curves  of  Normal  Saturated  Primary  Amines 


Approximate  Alkyl  Percent  Distribution  for  Fine  Amine  Chemicals* 


Alkyl 

Groups 

Alkyl 

Composition 

Saturated 

C8 

CIO 

C12 

C14 

CIS 

C16 

C17 

C18 

Unsaturated 

C14' 

Cl  6' 
C18' 
C18" 


10 

decyl- 

12 

dodecyl- 

16 

hexadecyl" 

18 

octadecyl- 

O 

oleyl- 

OL 

oleyl' 

C 

coco 

6 

S 

soya 

T 

tallow 

HT 

hydrogenated 

tallow 

7 

6 

95 

0.5 

0.5 

51 

0.5 

3 

_.  . 

1.5 

1.5 

5 

5.5 

0.5 

0.5 

1 

91 

9 

9 

16.0 

29 

51 

1.5 

2 

0.5 

0.5 

1 

1 

7 

87 

K 

8 

2 

15.0 

20 

61 

0.5 

0.5 

1 

0.5 

A 

4 

wm 

2 

2 

70 

7A 

6 

BEl 

3 

5 

7 

•Composition  is  that  of  base  acids  from  which  amines  were  derived. 

The  chemical  name  in  each  table  indicates  the  major  alkyl  group  or  the  source  of  each  alkyl 
mixture  for  every  product. 

The  table  gives  additional  information  about  the  alkyl  distribution  of  alt  products. 

The  tradename  includes  the  source  for  each  product;  for  example,  Armeen  1 8 is  octadecylamine. 
The  alkyl  group  in  Armeen  Z is  derived  from  cocamine. 
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Table  14.54:  ANGUS  Amines  (34) 


Amine  CS-t135« 


Typical  Properties  of  AMINE  CS-1 135 


Principal  component  78%  by  weight  in  water 

Appearance Colorless  to  pale  yellow  mobile  liquid 

Boilmg  point 70-72‘C  at  100  lorr 

Neutral  equivalent  (calc) 120-126 

Density  at  26“C  0.942g/ml 

pH  of  0.1M  soln.  (20'C)  11.0 

Soluble  at  >50%  by  wt.  in  water;  ethyl  alcohol;  benzene;  mineral  spirits 

Amine  CS-1246~ 


Amine  component 78%  by  wt 

Neutral  equivalent  as  a base 120-126 

Color,  APHA 100  (max) 

Flash  point,  Tag  closed  cup 120°F 

Freezing  point below  -20X 

Specific  gravity  at  25/25°C 0.98-0.99 

Viscosity  at  25'^C 7.5  cp 

pH 10.5-11.5 

Weight  per  U.S.  gallon 8.2  lb 


Principal  component  97.5%  minimum 

Appearance Colorless  to  pale  yellow  mobile  liquid 

Boiling  point 73-75  C at  10  torr 

Neutral  equivalent  (calc) 143 

Density  at  26  C 1.072g/ml 

pH  of  0.1  M soln.  (20"C)  10.2 

Soluble  at  >50%  by  wt  in  water;  ethyl  alcohol;  benzene;  mineral  spirits 


ZOLDINE®  ZT-55 


Principal  component  55%  solution  in  water 

Appearance Colorless  to  p>aie  yellow  mobile  liquid 

Melting  point 54.5®C  (active  component) 

Neutral  equivalent 273-278 

Density  at  25'^C 1.125g/ml 

pH  of  0.1M  soln.  (20"C) 9.4 


Typical  Physical  Properties  of  CS-1246 

Specific  gravity,  30/20'’C 1.085 

Boiling  point,  ®C  at  15  mmHg 71 

Freezing  point,  ®C 0 

Surface  tension,  dynes/cm  at  25®C  . . . 36.5 

pH  8-9 

Soluble  In  water,  ethanol,  benzene, 
chlorinated  hydrocarbons,  and  acetone 
Flash  point,  Tag  closed  cup,  '’F 175 

Specifications 

Purity,  % by  wt 97.5  min. 

Total  Oxazolidines,  % by  wt 99.5  min. 

Color,  APHA 100  max. 

Water,  % by  wt 0.5  max. 


Active  ingredient  soluble  at  >50%  by  wt.  in  water;  ethyl  alcohol;  at  25  g/100  ml 
in  benzene  at  25*C:  at  1.2  g/100  ml  in  mineral  spirits'  at  75X. 


' when  anhydrous 


Table  14.55:  Ashland  Amines  (69) 


Specific 

Gravity 

Amine  % by  wt 

Color 

Flash  Point 

Freezing 

Product 

Based  on  Total 

Pt-Co  Scale 

“F 

Point 

Lb.  per  Gal.' 
at20“C 

Dittlllation°C 

Alkalinity 

Max 

Open  Cup 

*>0 

AMP-95 

0.942 

95 

20 

172 

-2 

7,86 

(25»C) 

Butyl  Amine 

0.742-0.747 

76.0-81.0 

97.0 

15 

30 

-49 

6.20 

Cvdohexylamlne 

0.86450.8665 

Approx.  1 34.5 

98 

20 

72 

-18 

7.19 

{25“/25“C) 

(25-C) 

Dlbuty!  Amine 

0.760 

155-163 

98 

16 

124 

-62 

6.32 

Diethanolamine 

1.090-1.094 

Approx  187 
(50mm) 

98.6 

16 

280 

20,0 

9.14 

Diethyl  Amine 

0.705-0.709 

54.0-69.5 

98.5 

16 

<0 

-50 

5.88 

Diethylene  Trlamlne 

0.953-0.958 

195216 

89.0-93.0 

30 

215 

-39 

7.90 

DIethylethanolamlne 

0.885 

157-165 

99.6 

15 

120(CC) 

Dllsopfopyl  Amine 

0.7150.720 

Approx.  84.1 

98.0 

16 

21 

-96 

6.97 

DImethylelhanolamlne 

0.888 

130-135 

99 

20 

103(CC) 

-69 

isopropyl  Amine 

0.6850.690 

30.534.0 
(90  ml.  min.) 

99.0 

15 

<0 

-95 

6.73 

Methyidlethanolamine 

1.04 

242-260 

99 

250 

269 

-22.5 

8.68 

Monoethonolamlne 

1.016-1.019 

166.0-174.0 

15 

200 

10.3 

0.47 

Morpholine 

1.001-1.004 

126.0-130.0 

99,0 

10 

102 

0.37 

Triethanolamine 

1.1220-1.1300 

Approx.  360 

85.0 

50 

356 

21.6 

9.37 

1Irlethartolamir«.  99% 

1.1240-1.1270 

99.0 

50 

375 

21.6 

9.37 

Trielhyl  Amine 

0.7250.730 

86.0-91.0 

99.0 

15 

20 

-116 

6.06 
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Table  14.56:  Chemcentral  Amines  (67) 


AMINES 

CAS 

Mole 

Weight 

% 

Purity 

Comm. 

Prod. 

Specific 

Gravity 

25/25“C 

Lbs. 

Per  Gal. 

.'£ 

2S’«C 

Coett. 

of 

Expan. 

Per«C 

A Spec. 
Gravity 
Per 

Refractive 
Index 
@ 25*C 

AMpgs*^ 

124-68-5 

0.942 

7.85 

00096 

AMP  HEGULARC 

124-68  5 

0.928d 

7 78d 

00095 

1.449 

DIETHANOLAMINE  (DEA) 

1 1 1-42-2 

105  3 

98.0 

1.088  30/4'>C 

9.09  » 30^'C 

00060 

00040 

1.475  30°C 

DIISOPHOPANOLAMINE 

110-97-4 

133.0 

0.992  40/4“C 

8.28  ft  40^C 

1.4595  30‘'C 

Dl'TRI  ISOPROPANOLAMINE 

139.5 

1.006  20/4'C 

8.37 

.00070 

.00034 

1.4601 

MONO6THAN0LAMINE  (MEA) 

141-43-5 

614 

97.5  Min. 

1.015 

8.45 

00079 

.00058 

1.4525 

MONOISOPHOPANOL  AMINE 

78-96-6 

75  2 

97 

0.960 

7.99 

00086 

.00060 

1 4456 

MORPHOLINE 

1 10-91-8 

87  1 

99 

0.999 

8 32 

00096 

.00072 

1.4545  20°C 

TRIETHANOLAMINE  {TEA) 

102-71-6 

149.2 

85 

1.121 

9*33 

00053 

00036 

1.4836 

TRIETHANOLAMINE  99%  , 

102*71*6 

149.2 

99 

1.124 

9.35 

TRIISOPPOPANOLAMINE 

122-20-3 

191.0 

1.010  40«C 

8 44  t<  40‘  C 

ETHYLENEDIAMINE 

EDA 

107-15-3 

60  1 

99 

0.901 

7’45 

t.455 

DIETHYLENETRIAMINE 

ETA 

1 1 1 -’40-0 

103.2  ' 

99 

0.949 

7 89 

1 483 

TRIETHYLENETETR  AMINE 

TETA 

1 12-24-3 

146  2 

0.977 

8 13 

1.496 

TETRAETHYLENEPENTAMINE 

TEPA 

112-57-2 

189.3 

0.922 

8.26 

1.503 

DIETHYLAMINOETHANOL 

100-37-8 

117, 2 

99 

0.885  It 

7 40r 

DIETHYLAMINE 

109  89-7 

73  14 

99.4 

0.7079  1 

5 87  r 

ETMYLAMINOETMANOL 

1 10  73  6 

B9~T6 

0.914t 

triethylamine 

121  44-8 

idiT 

100 

0.7291 

6 08  1 

*20mmHg  '*5  mm  Hg  t a 20/20®C  “Open  Cup  ^’Cenlislokos  Trade  Mark  Angus  ^ = 40M0°C 


AMINES 

BoHing  Range  5-95% 
760  mm  Hg 

Vapor 
Press. 
@ 25“C 
mm  Hg 

Viscosity 
CPS 
@ 25*'C 

Solubility  % by 
Wl.  O'  25®C 

Freeze 

Point 

Rre 

Point 

•F 

Flash 

Point 

*F 

®c 

"F 

InH.O 

Of  H,0 

•c 

AMP  95*^ 

100  165 

212  329 

147 

-2 

172 

AMP  REGULAR^ 

156  177 

313  351 

oo 

oo 

31 

DIETHANOLAMINE  IDEA) 

168-169“ 

334  336* 

< ,01 

351.9  OO^C) 

oo 

oo 

28 

300 

305 

DllSOPROPANOLAMINE 

1 19  123'* 

246  253'* 

870  (30*»C) 

1200 

oo 

47 

275 

250 

Dl-TRI  ISOPROPANOLAMINE 

100-274** 

212-525** 

980 

oo 

oo 

-23 

V. -245;:r::,-^ 

>T97 

MONOETHANOLAMINE  fMEA) 

170-172 

338  342 

0.36 

18.95 

OO 

oo 

10 

200 

195 

MONOISOPROPANOLAMINT 

159  163 

318  325 

0.51 

23.0 

oo 

oo 

3 

165 

MORPHOLINE 

126  130 

259  266 

7.0 

2.23  (20”C) 

oo 

oo 

-5 

100 

TRIETHANOLAMINE  ;TEAl 

175191** 

347  376*“ 

< .01 

590.5 

oo 

oo 

18 

410 

365 

TRIETHANOLAMINE  99% 

600.7 

oo 

oo 

20 

420 

385 

TRIISOPPOPANOLAMINE 

- 500 

60 

320 

ETHYLENEDIAMINE 

EDA 

115119 

239  246 

1,56b 

oo 

oo 

11 

too 

^100  ’ 

DIETHYLENETRIAMINE 

ETA 

199  207 

390  405 

6 OOb 

oo 

oo 

-35 

210 

2 10 

TRIETHYLENETETR  AMINE 

TETA 

260-290 

500  554 

20  OOb 

oo 

oo 

< -40 

310 

270 

TETRAETHYLENEPENTAMINE 

TEPA 

155-210 

311-410 

52.50 1» 

< -40 

385 

340 

DIE  TH  YLAMINOE  THANOt 

162  1 

324 

oo 

rx) 

130 

DIETHYLAMINE 

55  5 

I32 

oo 

oo 

-49 

' 0 

ETHYLAMINOE  THANOl 

162  169 

324  336 

oo 

OC> 

160 

rRIETHYLAMINt 

85  91 

1 85  1 96 

oo 

CXD 

- 114^ 

_.  . 

• 20 

fable  14.57:  Dow  Commercial  Alkanolamines  (23) 


Properties  of  Dow  Commercial  Alkanolamines^ 


Property 

MEA 

DEA 

TEA  85 

TEA  99 

MIPA 

DIPA 

TIPA 

Isopro- 

panolamlne 

Mixture 

Equivalent  Wt 

61.4 

105.3 

142.0 

148.6 

75.2 

133.0 

191.0 

139.5 

Boiling  Point, 

’C(T),  760mm  Hg 

171  (340) 

268  (514) 

325  (617) 

340  (644) 

159  (318) 

249  (480) 

306  (583) 

214  (417) 

Freezing  Point,  "C,°F 

10  (50) 

28  (82.4) 

17  (62.6) 

21  (69.8) 

3'  (37.4) 

44'  (111.2) 

44'  (111.2) 

24'  (75.2) 

Specific  Gravity,  25/4*C 

1.0113 

1.0881 

1.1179 

1.1205 

0.960 

0.992 

0.988 

1.003 

Lbs/Gal.  25”C 

8.45 

(30/4“C) 

9.09 

9.34 

9.35 

(20/4'’C) 

7.95 

(40/4"C) 

8.27 

(70/4"C) 

8.24 

8.36 

Refractive  Index  25“C . . . 

1.4525 

{30”O 

1.4750 

1.4836 

1.4839 

1.4456 

(40"C) 

1.4595 

(70X) 

1.4601 

Viscosity,  cps,  25“C 

18.9 

(30"C) 

351.9 

590.5 

600.7 

23.0 

(30°C) 

870.0 

950 

60"C 

5.0 

(30'’C) 

53.8 

65.6 

65.8 

6.0  (54X) 

(30'’C) 

86.0  (54”C) 

100 

68  (54“C) 

Flash  Point.  *F 

201^ 

325^ 

354^ 

350^ 

173® 

276^ 

320® 

229^ 

Fire  Point,  T 

200 

300 

410 

420 

— 

275 

_ 

245 

^Supercools;  freezing  point  results  show  variation. 

^L.T.  Setaflash  C.C. 

^H.T.  Setaflash  C.C. 

'^Pensky-Martin  C.C. 

^Cleveland  O.C.,  no  flashpoint  observed  up  to  the  boiling  point  using  Setaflash  closed  cup. 

®Tag  C.C. 

tThese  properties  are  typical  of  the  product,  but  should  not  be  confused  with  or  regarded  as  specifications. 


(continued) 
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Table  14.57:  (continued) 


Properties  of  Pure  Alkanolamines^ 


Property 

Mono- 

elhanoiamfne 

Diethanol- 

amine 

Triethanoio- 

amlne 

Monoisopro- 

panolamine 

Diisopro- 

panolamine 

Triisopro- 

panolamine 

2- 

amino- 

2,^- 

Iminobis- 

nitrilo- 

1-aminopro- 

1,1- 

iminodi-2- 

1,1',1"- 

nltrllotri- 

Chemical  Name 

ethanol 

ethanol 

trisethanol 

pan-2-oi 

propanol 

2-propanol 

CAS  Number 

141*43-5 

111-42-2 

102-71-6 

78-96-6 

110-97-4 

122-20-3 

Formula 

HOC^H.NHj 

(H0C2H,)2NH 

(H0C,H,)3N 

HOCaHeNHg 

(HOC.,H«),NH 

(HOC3HJ3N 

Molecular  Weight 

61.09 

105.14 

149.19 

75.11 

133.19 

191,27 

Boiling  point,  *C  760mm  Hg 

171 

268 

340 

159 

249 

306 

Freezing  point,  *C 

10 

28 

21 

3.0 

44 

44 

Density,  gm/ml,  20*C 

1.0147 

— 

— 

0.961 

0.999  (30"C) 

— 

25‘C 

1.0108 

— 

1.1196 

0.957 

0.992  (40'C) 

— 

40*C 

0.9989 

1.0828 

1.1116 

0,944 

0.977  (60*C) 

1.010 

Viscosity,  cps,  20*C 

24.14 

— 

— 

30.6 

— 

— 

25’C 

18.95 

— 

613.6 

17.3  {30X) 

8/0  {30”C) 

— 

40’C 

10.06 

196.4 

208.1 

6,0  (54“C) 

86  (54‘C) 

100  (60*C) 

Refractive  index,  N^,  20’C 

1.4541 

— 

1.4835  (25"C) 

1.4479 

1.4595  (30'C) 

1.4560  (25’C) 

40’C 

1.4474 

1.4720 

1.4798 

1.4369  (50°C) 

— 

1.4600 

Specific  heat,  30*C, 

cal/gm/‘C 

Flash  point,  *F'  

0.644 

201 

0.593 

325 

0.555 

350 

0.650 

173 

0.710  (50*C) 
276 

0.635  (50*C) 
320 

Heat  of  fusion,  btu/lb^  

144.35 

102.75 

78.41 

77.65 

05.14 

51.10 

Heat  of  vaporization, 
btu/lb,  1 atm.^  

360 

287^ 

176 

2/3 

188 

143 

Critical  temperature,  *C^  

341.3 

442.1 

514.3 

3395 

399.2 

444.9 

Critical  pressure, 
atmospheres^ 

44.1 

32.3 

24.2 

55.9 

36.0 

26.6 

Constants  for  Antoine 
equation  A 

8.2/77 1 

8.14949 

0.36007 

/, 65/91 

7 52/12 

7.65342 

B 

2103.36 

2336.03 

298/63 

1666  51 1 

1885.092 

21/7,51 

C 

219.339 

175.008 

205. 1 1 1 

180.07/ 

156.432 

150.00 

'Reference  data  and  melhocfs  for  Dow  Commercial  Alkanolamines  above, 

^Calculated. 

^Al  165.5°C  and  13.2mH»  Hy. 

tThese  properties  are  typical  of  the  product,  but  should  not  be  confused  with  or  royarderj  as  specifications. 


Solubility  of  Alkanolamines 


1 Grams  of  Atkanolamlne  per  100  grams  of  solvent  at  25"C  | 

Mono- 

ethanol- 

amine 

Di- 

ethanol- 

amine 

Tri- 
ethanol- 
amine 65 

Tri- 
ethanol- 
amine 66 

Mono- 

Isopropanol- 

amine 

Di  Isopro- 
panol- 
amine 

Trl- 

Isopropanol- 

amine 

Isopro- 

panolamlne 

Mixture 

^Acetone 

CM 

CM 

CM 

CM 

CM 

810 

450 

CM 

Benzene  

about  12 

about  0.2 

about  2.7 

about  4.9 

CM 

53 

410 

CM 

n-Butyl  Alcohol.  . 

CM 

CM 

CM 

CM 

CM 

200 

445 

CM 

^Carbon 
Tetrachloride  . . 

* 

* 

* 

about  4* 

about  35* 

about  170* 

CM* 

Dibutyl 

Phthalate 

about  3.6 

about  0.5 

about  2.8 

about  3.8 

about  19* 

about  5* 

about  1 15* 

CM*  (slow) 

^o-Dichloro- 
benzene  

about  0.7* 

about  O.r 

about  6* 

CM* 

CM* 

about  29* 

about  300* 

CM* 

"^DOWANOL**  EB 
glycol  ether.  . . . 

CM 

CM 

CM 

CM 

CM 

91 

250 

CM 

"^DOWANOL  TPM 
glycol  ether. .. . 

CM 

CM 

CM 

CM 

CM 

45 

18 

CM 

Ethyl  Alcohol 
(absolute) 

CM 

CM 

CM 

CM 

CM 

430 

>500 

CM 

Ethyl  Ether 

about  2.2 

about  0.7 

about  1.5 

about  1.8 

CM  (slow) 

9 

365 

CM  (slow) 

’Ethylene 
Dichloride 

CM* 

IM* 

CM* 

CM* 

CM* 

about  150* 

about  375* 

CM* 

^Ethylene  Glycol.  . 

CM 

CM 

CM 

CM 

CM 

260 

425 

CM 

^Glycerine 

CM 

CM 

CM 

CM 

CM 

220 

115 

CM 

n-Heptane 

about  0 06 

about  0.01 

about  0.02 

about  0.03 

0.4 

0.1 

3.45 

0,9 

Isopropanol 

CM 

CM 

CM 

CM 

CM 

320 

>500 

CM 

Kerosene 

about  0.05 

about  0.01 

about  0.02 

about  0.03 

0.4 

0.2 

4 

0.8 

Methanol 

CM 

CM 

CM 

CM 

CM 

670 

>500 

CM 

^1,1.1-Trichloro- 
ethane 

about  0.6* 

about  0.08* 

about  1.4* 

about  2.5* 

CM* 

about  15* 

about  260* 

CM* 

^Methylene 
Chloride 

CM* 

IM* 

CM* 

CM* 

CM* 

about  180* 

>500* 

CM* 

(continued) 


Amines  721 


Table  14.57:  (continued) 


[ Grams  of  Alkanolamlne  per  100  grams  of  solvent  at  25°C  | 

Mono- 

ethanoF 

amine 

Di- 

ethanol- 

amine 

Tri- 
ethanol- 
amine 65 

Tri- 
ethanol- 
amine 99 

Mono- 

isoprqi^anol- 

amine 

Diisopro- 

penol- 

amine 

Trl- 

isopropanol- 

amine 

isopro- 

panolamine 

Mixture 

Mineral  Oil 

about  0.06 

about  0.02 

about  0.03 

about  0.03 

0.2 

0.05 

about  0.4 

0.2 

Mineral  Spirits  . . . 

about  0.08 

about  0.01 

about  0.03 

about  0.04 

0.4 

0.2 

5 

TO 

Naphtha  VMP. . . . 

about  0.07 

about  0.01 

about  0.03 

about  0.06 

0.4 

0.3 

6 

1.6 

Verchloro- 

ethyfene 

about  0.1* 

about  0.02* 

about  O.r 

about  0.17* 

about  0.7* 

about  0.9* 

about  160* 

CM* 

Pine  Oil 

CM 

CM 

CM 

CM 

CM 

110 

90 

CM 

Toluene 

about  0.7 

about  0.1 

about  0.6 

about  1.7 

CM 

12 

340 

CM 

Water 

CM 

CM 

CM 

CM 

CM 

1200 

>500 

CM 

CM  = completely  miscible  IM  = not  completely  miscible  ^Dow  Solvents 
•The  amine  reacts  with  the  solvent  to  some  extent 
••Trademark  of  The  Dow  Chemical  Company 
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Refractive  Indices,  of  Aqueous  Isopropanolamlne  Solutions  at  77®F  (25°C) 
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Table  14.57:  (continued) 

Freezing  Curves  of  Aqueous  Ethanolamine  Solutions 


Moncethanolamine  Diethanolamine 


Triethanolamine  85 


Triethanolamine  99 


Freezing  Curves  of  Aqueous  Isopropanolamine  Solutions 


Monoisopropanolamine 


CONCENTRATION  OF  AMINE,  WEIGHT  % 


Diisopropanolamine 


(continued) 


TEMPERATURE,  *C  TEMPERATURE,  *C  TEMPERATURE, 


Amines  723 


Table  14.57:  (continued) 


Freezing  Curves  of  Aqueous  Isopropanolamine  Solutions  (Con’t.) 


T riisopropanolam  i ne 


3 

5 


0 10  20  30  40  50  60  70  80  90  100 

CONCENTRATION  OF  AMINE.  WEIGHT  % 


pH  Values  of  Aqueous  Ethanolamines 


12.8 

12.4 

12.0 

^11.6 
11.2 
10.8 

10.4 

0 5 10  15  20  25  30 

CONCENTRATION  OF  AMINE.  WEIGHT  % 


Monoethanolamine 




—77^ 

^ 

— 

/ 

0 5 10  15  20  25  30 

CONCENTRATION  OF  AMINE.  WEIGHT  % 


0 5 10  15  20  25  30 

CONCENTRATION  OF  AMINE,  WEIGHT  % 


(continued) 


TEMPERATURE. 


Table  14.57:  (continued) 

pH  Values  of  Aqueous  Isopropanolamines 


Monoisopropanolamlne 


0 5 10  15  20  25  30 

CONCENTRATION  OF  AMINE,  WEIGHT  % 


0 5 10  15  20  25  30 

CONCENTRATION  OF  AMINE,  WEIGHT  % 
IHisopropanolamine 


0 5 10  15  20  25  30 

CONCENTRATION  OF  ,AMif-.iE,  WEIGHT  % 


Densities  cf  Aqueous  Ethanolamine  Solutions 

(weight  % of  amine) 


Monoellianoiamine 

TEMPEFIATURE.  °C 


Diethanolamine 

TEMPERATURE,  ’C 


Triethanolamine 
TEMPERATURE,  ’C 


(continued) 
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DENSITY,  gm/cc  DENSITY,  gm/cc 


Table  14.57:  (continued) 


Densities  of  Aqueous  Isopropanolamine  Solutions 
(weight  % of  amine) 


Monoisopropanolamlne 


TEMPERATURE,  'F 


Trilsopropanolamlne 


TEMPERATURE,  °C 

20  25  30  35  40  45  50  55  60 


•Supercooled  TEMPERATURE,  “F 


Diisopropanolamine 
TEMPERATURE.  "C 


Isopropanolamine  Mixture 
TEMPERATURE.  °C 


Amines  725 


DENSITY,  gm/cc 


Table  14.57:  (continued) 


*Exlrapolalion  on  Supercooled  ProducI 


120  140 

TEMPERATURE,  T 


160 


180 


TOTAL  PRESSURE,  mm  Hg 


Total  Vapor  Pressures  of  Aqueous  Monoethanolamlne  Solutions 
(weight  % of  amine) 


TEMPERATURE,  T 


(continued) 
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TOTAL  PRESSURE,  mm  Hg 


Table  14.57:  (continued) 

Total  Vapor  Pressures  of  Aqueous  Dlethanolamlae  Solutions 
(weight  % of  amine) 


60  80  100  120  140  160  180  200  240  280  320  360 

TEMPERATURE,  “F 


Total  Vapor  Pressures  of  Aqueous  Triethanolamine  Solutions 
(weight  % of  amine) 

TEMPERATURE.  “C 


60  70  80  90  100  120  140  160  180  200  220  240 


"<1 


Amines 


TOTAL  PRESSURE,  mm  Hg 


Table  14.57:  (continued) 

Total  Vapor  Pressures  of  Aqueous  Monoisopropanolamlne  Solutions 
(weight  % of  amine) 


TEMPERATURE,  ‘F 


Total  Vapor  Pressures  of  Aqueous  DUsopropanolamine  Solutions 
(wei^t  % of  amine) 


60  80  100  120  140  160  180  200  240  280  320  360 

TEMPERATURE.  -P  (continued) 
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TOTAL  PRESSURE,  mm  Hg 


Table  14.57:  (continued) 

Total  Vapor  Pressure  of  Aqueous  Trllsopropanolamine  Solutions 
(weight  % of  amine) 


60  80  100  120  140  160  180  200  240  280  320  360  400  440 

TEMPERATURE,  T 


Total  Vapor  Pressures  of  Aqueous  Isopropanolamlne  Mixture  Solutions 
(weight  % of  amine) 

TEMPERATURE,  X 


NO 


Amines 


TOTAL  PRESSURE,  mm  Hg 


Table  14 


VISCOSITY,  centipolse 
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VISCOSITY,  centipoise 


Table  14.57:  (continued) 


Viscosities  of  Aqueous  Diethanolamine  Solutions 
(weight  % of  amine) 

TEMPERATURE,  “C 

20  30  40  50  60  70  80  90  100 

1000 
600 
400 

200 

100 

60 
40 

20 

10 

6 
4 

2 

1 

0.6 
0.4 


0.2 

60  80  100  120  140  180  220 

TEMPERATURE,  °F 


100% 

80% 

60% 

40% 

30% 

20% 

10% 

0% 


Viscosities  of  Aqueous  'IHethanolamlne  Solutions 
(weight  % of  amine) 


TEMPERATURE.  °C 


TEMPERATURE.  T 


60  80  100  120  140  180 


100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 


TEMPERATURE.  “F 


220 


(continued) 


Amines 


VISCOSITY,  centipoise 


Table  14.57:  (continued) 


Viscosities  of  Aqueous  Monoisopropanolamine  Solutions 
(weight  % of  amine) 

TEMPERATURE.  "C 


Viscosities  of  Aqueous  Diisopropanolamine  Solutions 
(weight  % of  amine) 


60  70  80  90  100  110  120  130 

TEMPERATURE,  "F 


(continued) 
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Table  14.57:  (continued) 


Viscosities  of  Aqueous  Trlisopropanolamine  Solutions 
(weight  % of  amine) 


TEMPERATURE.  ‘’C 


VISCOSITY,  centipoise 


Viscosities  of  Aqueous  Isopropanolamine  Mixture  Solutions 
(weight  % of  amine) 

TEMPERATURE,  “C 


(continued) 


Amines 


% Water 


Table  14.57:  (continued) 


Hygroscopicity 

(Water  Uptake) 

MEG'  vs  ALKANOLAMINES 
45“C/74%  Relative  Humidity 


0 

5 

10 

15 

20 

2 

Time,  Hours 

Time 

MEG 

MEA 

DEA 

TEA 

MIPA 

DIPA 

TIPA 

0 

0.2 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

1 

12.6 

13.3 

8.7 

10.1 

17.4 

11.5 

6.4 

2 

19.3 

22.1 

11.2 

13.4 

26.0 

15.6 

9.2 

3 

22.3 

27.2 

13.5 

15.6 

29.5 

18.7 

10.5 

4 

25.8 

31.8 

15.3 

16.8 

33.2 

20.2 

10.6 

5 

29.5 

34.9 

17.2 

18.0 

37.4 

22.5 

11.3 

6 

30.5 

37.9 

19.1 

20.2 

41.2 

23.4 

11.3 

7 

32.5 

39.8 

21.3 

20.9 

43.5 

24.9 

12.1 

8 

33.2 

41.0 

22.5 

21.5 

42.7 

25.5 

12.9 

24 

42.3 

49.7 

31.4 

31.3 

48.7 

28.1 

11.4 

’meg  is  monoethylene  glycol 
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Table  14.58:  Humko  Amines  (P*>) 


Product 


Description 
fCTFA  adopted  name) 


% 

primary 

Min 


Color 

Gardner, 

1963 

Max 


Typical  carbon  chain  composition 

Saturated  Unsaturated 

m 1 Cl4  ( Cl«  i CtS  Ctisl  Cn:«  Cw;3 


10 

5 

29 

67 

*5emicommerciri. 
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Table  14.59:  Proctor  & Gamble  Tertiary  Amines  (39) 


Chemical  Properties 

AH295 

AT-1495 

AT-1695 

AT-1214 

AT-121416 

% Total  Amine 

97.3  min 

97.3  min 

97.3  min 

97.3  min 

97.3  min 

(98.5) 

(98.4) 

(98.2) 

(98.4) 

(98.4) 

% Non*Terminol  Amine 

6.0  mox 

6.0  max 

6.0  max 

6.0  max 

6.0  max 

(5.2) 

(5.0) 

(5.6) 

(5.1) 

(5.0) 

Vo  Non-Amine  Material 

2.0  max 

2.0  max 

2.0  max 

2.0  max 

2.0  max 

(I.5) 

(1.5) 

(U) 

(1.5) 

(1.5) 

Amine  Value 

254-264 

226-234 

203-211 

246-254 

236-244 

(263) 

(232) 

(208) 

(252) 

(243) 

Vo  Moisture 

0.20  max 

0.20  max 

0.20  max 

0.2  max 

0.2  max 

(0.1) 

(0.1) 

(0.1) 

(0.1) 

(0.1) 

Physical  Properties 

Color-APHA 

35  max 

25  max 

35  max 

35  max 

(15) 

(19) 

(17) 

(19) 

— 

Gear  to 

Gear  to 

Gear  to 

Gear  to 

slight  haze 

slight  haze 

slight  haze 

slight  haze 

Equivalent  Weight 

(213) 

(242) 

(270) 

(223) 

(231) 

Compostion  (%GC) 


CIO  & Lower 

1.0  max 
(0.0) 

1.0  max 
(0.0) 

C12 

95.0  min 
(98^) 

3.0  max 
(1.0) 

69J0+/-1.5 

(68J) 

41.5+/-1.5 

(41.4) 

C14 

95.0  min 

5.0  max 

31.0+/-1-5 

49.0+/-1.5 

(H) 

(97.5) 

(2.2) 

(30.5) 

(48.9) 

C16 

2.0  max 

2.0  max 

95.0  min 

IjO  max 

9.5+/-1.5 

(0.3) 

(1.4) 

(9Z4) 

(0.8) 

(9J) 

CIS  & Higher 

1.0  max 

0.1  max 

(0.3) 

(0.0) 

CAS  No. 

112-18-5 

112-75-4 

112-69-6 

112-18-5 

112-18-5 

112-75-4 

112-75-4 

Amines  737 


Table  14.60:  Occidental  Ethanolamlnee  (27) 

Ethanolamlnee  Products,  Grades  and  Specifications 


Specifications 

MEA99 

DEA99 

TEA  85 

TEA  97  HC 

Monoethanolamine,  wt.  % 

99.0  min. 

1.0  max. 

0.5  max. 

0.5  max. 

Diethanolamine,  wt.  % 

0.5  max. 

98.5  min. 

15.0  max. 

3.0  max. 

Triethanolamine,  wt.  % 

- 

1.0  max. 

85.0  min. 

97.0  min. 

Color  (APHA),  max. 

15 

15 

50 

250 

Apparent  equivalent  wt. 

61.0-62.0 

104-106 

140-145 

145-150 

Water,  wt.  % max. 

0.3 

0.15 

0.2 

0.2 

Miscellaneous  Grades 

PEA  60 

PEA  85 

Monoethanolamine,  wt.  % 

5 max. 

2 max. 

Diethanolamine,  wt.  % 

40  max. 

15  max. 

Triethanolamine,  wt.  % 

60  min. 

85  min. 

Ethylene  glycol,  wt.  % 

5 max. 

2 max. 

Heavy  ends  & others,  wt.  % 

4 max. 

4 max. 

Color  (APHA) 

1000 

1000 

Water,  wt.  % max. 

2 

1.5 

Low  Freeze  Grades 

Ethanolamines  have  relatively 
high  freezing  points,  and  in  win- 
ter, especially  in  northern  cli- 
mates, they  can  become  too  vis- 
cous to  pump.  For  customers  in 


these  areas  whose  applications 
cire  not  sensitive  to  water,  Oxy- 
Chem  offers  each  ethanolamine 
in  a “Low  Freeze”  grade.  Low 
freeze  grade  ethanolamines  are 
produced  by  the  addition  of  15 


percent  by  weight  of  deionized 
water.  They  cu^  blended  in  the 
delivery  vessels  prior  to  each 
shipment,  and  therefore,  are 
not  stored  as  finished  products. 


Low  Freeze  Grades 

MEA99  LFG 

DEA  99  LFG 

TEA  85  LFG 

TEA  97  LFG 

Monoethanolamine,  wt.  % 

84.0  min. 

0,9  max. 

0.5  max. 

0.5  max. 

Diethanolamine,  wt.  % 

0.5  max. 

83.5  min. 

13.0  max. 

2.7  max. 

Triethanolamine,  wt.  % 

- 

0.9  max. 

72.0  min. 

83.0  min. 

Color  (APHA),  max. 

25 

25 

50 

250 

Water,  wt.  % max. 

15.5 

15.5 

15.5 

15.5 

Freezing  point,  (°C) 

-12 

1 

-5.5 

-5.5 

(continued) 
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Table  14.60:  (continued) 


Compatibility 


Acceptable  Metals 

AcceptableNon>Metals 

Carbon  sleel  (to  80°F) 

Butadiene-acrylonitrile  (NBR,  I3una-N®)  (MEA  only) 

Copper  (to  80°F) 

Carbon-graphite,  resin  impregnated 

Hastelloy  B® 

Chlorinated  polyether  (TEA  only) 

Hastelloy  C® 

Epoxy  compounds 

Inconel® 

Ethylene  propylene  diene  (EPDM) 

Monel® 

Ethylene-tereduoroethylene  (ETTFE,  Tefzel®) 

Nickel 

Fluorlnated  ethylene  propylene  (FEP) 

Nickel  resist 

Fluoroelastomers  (FKM,  Vlton  A®,  Fluorel®) 

304  Stainless  steel 

Modified  phenylene  oxide  (Noryl®) 

316  Stainless  steel 

Natural  rubber 

20  Cb  3 Stainless  steel 

Polybutadiene  (Isoprene) 

Tantalum 

Polyamides  (Nylon®  12,  Nylon®  66) 

Titanium 

Polychloroprene  (Neoprene®) 

Polyester  terephthzdate  (PET) 

Perfluoroalkoxy  (PFA) 

Perfluoroelastomers  (FPM,  Kalrez®,  Chemraz®.  Kel-F®) 
Polypropylene  (except  TEA) 

Polysulfone  (except  TEA) 

Polyvinylldene  fluoride  (PVDF.  Kynar®)  (TEA  only) 
Vinyl  ester 

Technical  Data 


Physical  Properties 

MEA 

DEA 

TEA 

Chemical  formula 

HjNCHjCHjOH 

HN(CH2CH20H)2 

N(CH2CH20H)3 

Molecular  weight,  (g/mol) 

61.08 

105.14 

149.19 

Acidity/ alkalinity,  (pH) 

11,5-12.2 

10-12 

10-12 

Boiling  point  @ 760  mm  Hg,  (°C/®F) 

170/338 

268/514  (decomp.) 

335/635  (decomp.) 

Critical  pressure,  (Atmos.) 

44.1 

32.3 

24.2 

Critical  temperature,  (°C) 

341.3 

442.1 

514.3 

Coefficient  of  cubical  expansion,  (/°C) 

0.00078 

q,poo65 

0.00055 

applicable  range,  (°C) 

20-30 

30-40 

20-30 

Density  @ 20°C,  (Ibs/gal) 

8.487 

9.104  (@30®C/20°C) 

9.354 

@ 25X,  (g/ml) 

1.008 

1.093 

1.120 

Dielectric  constant  - liquid 

37.7 

22.81 

29.36 

Equivalent  weight,  (g/mol) 

61-63 

104-108 

140-149 

Explosive  limits  In  air,  vol.  % - lower 

5.5 

- 

- 

- upper 

17.0 

- 

- 

E^raporatlon  rate  @ 25  “"C 

n-butyl  acetate  - (=1.00) 

<0.001 

<0.005 

0.015 

n-butyl  acetate  - (155  seconds) 

8.5  hrs. 

2.9  hrs. 

(continued) 
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Table  14.60:  (continued) 


Physical  Properties 

MEA 

DEA 

TEA 

Flammability  rating 

combustible 

non-flammable 

non-flammable 

Flash  point,  (°C/'’F)  - Cleve.  Open  Cup 

91/195 

138/280 

191/375 

- Tag  Closed  Cup 

85/186 

146/295 

194/382 

- Pensky-Martin  CC 

- 

166/330 

210/410 

Fire  point.  CC/^F) 

93/200 

149/300 

210/410 

Freezing  point,  {‘"C/^F) 

10.3/50.5 

28/82 

21/70 

Heat  of  fusion,  (BTU/lb^) 

144,35 

102.75 

78.41 

Auto  ignition  temperature,  (®C/®F) 

410/770 

662/1224 

350/662 

Kauri-butanol  value 

NA 

NA 

NA 

Latent  heat  of  vaporization  @ B.P, 

- (cal/g) 

199 

- 

- 

-{BTU/lb) 

360 

287 

(@166^C,  13.2  mm  Hg) 

176 

Refractive  index  - liquid  N 20”D 

1.4540 

1.4770 

1.4835 

Solubility  @ 20°C,  (%  by  wt)  - In  H^O 

100 

95.4 

100 

- H^O  In 

100 

- 

100 

Solubility  parameter. 

[Hildebrand  units,  (eal/cm^) 

13.9 

14.3 

15,4 

Specific  gravity,  (20®C/20°C) 

1.018 

1.092  (@30°C/20°C) 

1.126 

Specific  heat,  (cal/gm/°C,  BTU/lb/^’F) 

0,644 

0,593 

0.555 

- liquid,  (20®C).* 

Surface  tension,  (dynes/cm).  Air  @ 25®C 

48.16 

48.00 

46.07 

Thermal  conductivity,  liquid  @ 35®C 

0.154 

0.127 

- 

(BTU-ft/ft2/hr/°F) 

Vapor  density,  (g/L)  air=l,  (Ibs/ft^) 

2.1 

3.65 

5.14 

Vapor  pressure  @ 20®C,  (mm.  Hg) 

0.67 

<0.01 

<0.01 

Viscosity,  liquid  @ 25°C,  (cps) 

19 

580 

591 

Antoine  constants  -A 

8.02401 

8.12303 

8,2054 

-B 

1921.6 

2315.46 

2739.58 

-C 

203.2 

173.3 

175.7 

(continued) 


Density,  Pounds/Gallon 


Table  14.60:  (continued) 

Density  vs.  Temperature  for  Aqueous  Solutions 
of  Monoethanolamine 


Temperature,  ‘’F 


Density,  Pounda/Gallon 


8.7 


Density  vs.  Temperature  for  Aqueous  Solutions 
of  Monoethanolamine 
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Alkalinity,  pH 


Table  14.60;  (continued) 

pH  vs.  Concentration  for  Aqueous  Solutions  of 
Monoethanolamine 


Vapor  Pressure,  mm  Hg 


Amines 


Viscosity,  Centipoise 


Table  14.60:  (continued) 

Viscosity  vs.  Temperature  for  Aqueous 
Solutions  of  Monoethanolamine 


Density  vs.  Temperature  for  Aqueous  Solutions 
of  Diethanolamine 
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Table  14.60:  (continued) 

pH  vs.  Concentration  for  Aqueous  Solutions  of 
Diethanolamine 


Vapor  Pressure,  mm  Hg 


Amines  743 


Table  14.60:  (continued) 

Viscosity  vs.  Temperature  for  Aqueous 
Solutions  of  Diethanolamine 


Density  vs.  i emperature  for  Aqueous  Solutions 
of  Triethanolamine 
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Alkalinity,  pH 


Table  14.60:  (continued) 

pH  vs.  Concentration  for  Aqueous  Solutions  of 
Triethanolamine 


Concentration,  Weight  % 


(1927  - 2000) 


Vapor  Pressure,  mm  Hg 


Amines 


Viscosity,  Centipoise 


Table  14.60:  (continued) 

Viscosity  vs.  Temperature  for  Aqueous 
Solutions  of  Triethanolamine 


Temperature,®  C 


Freezing  Point  vs.  Concentration  for  Aqueous 
Ethanolamine  Solutions 

50 
40 
30 
20 
10 
0 

-10 
-20 
-30 
-40 
-50 
-60 
-70 
-80 

-90  . , . , , 

0 10  20  30  40  50  60  70  80  90  100 

Concentration,  Weight  % 
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Amines 


747 


Table  14.61:  Union  Carbide  Ethyieneamines  (19) 


Typicai  Physicai  Properties 


Apparent 

Specific  Vapor 


Ethyleneamine 

Molecular 

Weight 

Gravity 
at  20/20°  C 

Freezing 
Point,  ‘C 

Pressure  at 
20°C,  mm  Hg 

Ethylenediamlne 

60.10 

0.898 

11 

10.40 

Diethylenetriamine 

103.17 

‘ 0.952 

-39 

0.08 

T riethylenetelramine 

146.24t^) 

0.980 

-35 

<0.01 

Tetraethylenepentamine  UHP 

189.30<^) 

0.994 

-46(5) 

<0.01 

Heavy  Polyamine  X 

275(2) 

1.015 

-32(5) 

<0.01 

Plpera2ine,  65% 

86.14(3) 

1.036(^) 

41 

6.28 

Piperazine,  Anhydrous 

86.14 

0.877(5) 

110 

0.10(7) 

Aminoethylpiperazine 

129.21 

0.986 

-17 

<0.01 

Aminoethylethanolamine 

104.15 

1.030 

-45(6) 

<0.01 

A Boiling 

Poinl/Ap,  Absolute 

Boiling  Palm.  °C 750.770  mm.  Viscositg 


Ethyleneamine 

760  mn  Hg 

50  mm  Hg 

10  mm  Hg 

°C  per  mm  Hg 

at  2fl°C.  cP 

Ethylenediamlne 

117.0 

47.8 

19.4 

0.043 

1.80 

Diethylenetriamine 

206.9 

123.3 

88.9 

0.052 

7.16 

Triethylenetetramine 

277(8) 

183 

144 

0.058 

26.0 

Tetraethylenepentamine  UHP 

288(8) 

215 

184 

0.045 

83.1 

Heavy  Polyamine  X 

- 

279(8) 

236 

- 

460.7 

Piperazine,  65% 

116 

54 

27 

0.036 

22.5(10) 

Piperazine,  Anhydrous 

146.1 

_ (9) 

_(9) 

0.037 

0.73(”) 

Aminoethylpiperazine 

221.0 

134.3 

100.9 

0.056 

15.4 

Aminoethylethanolamine 

242.8 

161.3 

127.0 

0.049 

140.6 

Electrical 

Conductivity 

at25°C. 

micromhos/cm 

Ionization 
Constant,  K1. 
at  25°C 
in  Water 

Dielectric 
Constant 
at  23°C 

Solubility 
in  Water 
at  Z0°C, 
% by  wt 

Ethylenediaminc 

7.52 

0.73  X 10"' 

13.29 

100 

Diethylenetriamine 

0.86 

0.65  X lO"* 

12.22 

100 

T riethylenetetramine 

0.24 

0.63  X 10")  (2) 

10.24 

100(12) 

Tetraethylenepentamine  UHP 

0.091 

0.72  X 10")  (2) 

9.32 

100(12) 

Heavy  Polyamine  X 

0.092 

0.95  X 10")  (2) 

8.72 

100(12) 

Piperazine,  65% 

49.4(18) 

0.43  X 10")  (3) 

~(9) 

100(18) 

Piperazine,  Anhydrous 

_(9) 

0.43  X 10") 

_(9) 

14 

Aminoethylpiperazine 

0.007 

0.40  X lO"' 

7,13 

100 

Aminoethylethanolamine 

0.63 

0.31  X 10"> 

19.13 

100 

(continued) 
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Table  14.61:  (continued) 


Refractive 

Index, 

RdZO^C 

Specific 
Heat 
at  20°C. 
cal/B  • ""C 

Heat  Of 
Vaporization 
at  760  mm  Hg, 
BTU/lb05i 

Heat  of 
Combustion 
at  Z5°C, 
BTU/lb 

Heat  of 
Formation 
at  Z5°C. 
BTU/lbi»“l 

Ethylenedlamine 

1.457 

0.60 

270 

-13251 

-569 

Oiethylenetriamine 

1.483 

0.65 

197 

-13910 

-403 

Triethylenetetramine 

1.499 

0.63 

162 

-14353 

-162<^) 

Tetraethylenepentamlne  UHP 

1.505 

0.61 

162 

- 1 4487 

-139t^> 

Heavy  Potyamine  X 

1.513 

0.58 

99 

-14643 

- 

Piperazine,  65% 

_(9) 

0.78<^3>  - 

528 

-9261 

- 

Piperazine,  Anhydrous 

_(9) 

0.63(’^> 

250 

-14696 

-304 

Ami  noethyl  pi  perazi  n e 

1.501 

0.52 

152 

-14744 

-256 

Aminoethylethanolamine 

1.486 

0.64 

237 

-12395 

-1193 

(1 ) Linear  component  only 

(7) 

Vapor  pressure  of  the  solid 

(13) 

At  42°C;  melting  point  36®C,  heat  of  fusion  50.74  cal/g 

(2)  Typical  molecular  weight 

(8) 

Extrapolated;  with  decomposition 

(14) 

At  130‘’C;  melting  point  109.6®C,  heat  of  fusion  72.83  cal/g 

(3)  For  Piperazine,  Anhydrou' 

(9) 

Solid  at  this  condition 

(15) 

Estimated  from  vapor  pressure  using  Clausius-Clapeyron  equation 

(4)  At42‘’C/42®C 

(10) 

At  42«C 

(16) 

Calculated  from  gross  heat  of  combustion 

(5)  At130®C/20°C 

(11) 

At130°C 

(6)  Pour  point 

(12) 

Forms  hydrate  with  time 

Ethyleneamines,  Vapor  Pressure  vs.  Temperature 

Temperature,  ’F 

0 20  40  80  120  160  200  240  320  400  480  560 


Temperature,  *C 


(continued) 


Table  14.61:  (continued) 


Temperature,  *C 


Ethyieneamines,  Specific  Gravity  vs.  Temperature 


(continued) 


Temperature, 


Table  14.61:  (continued) 


Ethylenedlamlnes  Aqueous  Solutions, 
Freezing  Point  vs.  Composition 


Ethylenedlamlne  Aqueous  Solutions, 
Vapor-LIquId  Equilibria  at  760  mm  HG 


a 

£ 


(continued) 


150  Industrial  Solvents  Handbook 


Temperature, 


Table  14.61:  (continued) 


Piperazine  Aqueous  Soiutions, 
Freezing  Point  vs.  Composition 


Composition,  Weight  % Piperazine 

Studies  show  evidence  of  a metastable  freezing  point  in  the  region  of  20  wt.%  piperazine 


Temperature, 


Piperazine  Aqueous  Soiutions, 
Vapor-Liquid  Equiiibria  at  760  mm  Hg 


0 10  20  30  40  50  60  70  80  90  100 


Composition,  Mole  % Piperazine 
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Amines  753 


Table  14.62:  Union  Carbide  Ethanolamines  (19) 

Typical  Properties  of  Union  Carbide  Ethanolamines 

(Determined  on  Purified  Samples) 


Monoethanolamlne 

Diethanolamine 

IVIethanolamlne 

Formula 

H2NCH2CH2OH 

HN(CH2CH20H);, 

N(CHjCHjOH)3 

Molecular  Weight 

61.08 

105.14 

149.19 

Apparent  Sp.  Gr.  at  20/20°C 

1.0179 

1. 09199*®) 

1.1258*') 

ASp.  Gr./Atat(20/30<’C) 

0.00078 

0.00065*'’) 

0.00055 

Boiling  Point  at  760mm  Hg,  °C 

170.8 

268*<=) 

335.4*<') 

at  SOmmHg,  °C 

101 

187 

245 

at  10mm  Hg,  °C 

71 

151 

205 

Vapor  Pressure  at  20°C,  mm  Hg 

<1 

<0.01 

<0,01 

Absolute  Viscosity  at  20°C,  cP 

24.1 



921*9 

at  30^C,cP 

16.2 

380 

404 

Freezing  Point.  °C(°F) 

10.5(50.9) 

28.0(82.4)*®) 

21 .6  (70.9)*®) 

Solubility  at  20°C,  % by  wt 

In  Water 

Complete 

96.4 

Complete^'^ 

Water  In 

Complete 

— 

Complete^^ 

Solubility  m Organic  Liquids  at  25°C, 
% by  wt 

Acetone 

Complete 

Complete^^ 

Complete 

Benzene 

0.6 

0.03 

2 

Carbon  Tetrachloride 

0.1 

0.01 

Complete 

Ethyl  Ether 

0.7 

0.5 

2 

Heptane 

0.1 

0.03 

<0.03 

Methanol 

Complete 

Complete^^^ 

Complete 

Surface  Tension,  Dynes/cm 

48.3«') 

48.5*9) 

48.9*9) 

Refractive  Index,  nQ^° 

1.4539 

1 ,4747*9) 

1.4852*9 

ANo/At  at  20  to  40°C  per  °C 

0.00034 

0.00027**» 

0.00020 

Flash  Point,  °F 

185C'> 

336*') 

407*9 

(a)  At30/20°C 

(f) 

(b)  at30to40°C 

(g) 

(c)  Extrapolated  (decomposes) 

(h) 

(d)  At25°C 

(i) 

(e)  Supercools  easily 

Supercooled  liquid 
At  30°C 

Determined  by  ASTM  Method  D 56,  using  the  Tag  Closed  Cup 
Determined  by  ASTM  Method  D 93.  using  the 
Pensky-Martens  Closed  Cup 


(continued) 
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Table  14.62:  (continued) 


Vapor  Pressure  of  Ethanolamines  vs  Temperature 


Temperature, 


70  90  120  160  200  240  320  400  480 


NOTE; 

Ethanolamines  begin 
decomposing  at 
temperatures  above 
200°C  and  can 
undergo  self-sustained 
decomposition  at 
temperatures  above 
260 °C 


Temperature,  °C 

1 Monoethanolamine 

2 Diethanolamine 

3 Triethanolamine 


Heat  of  Vaporization  of  Ethanolamines 

Temperature. 

150  250  350  450  550  650 

440 

410 

380 

350 

320 

290 

260 

230 

200 

50  100  150  200  250  300  350 

Fenipefalure  "(I 

'I  Btu/lb  = 0 55555556 cal/g 


Partial  Pressures  of  Monoethanolamine  in  Aqueous 
Solutions  at  Various  Contact  Temperatures 


Temperature.  °F 


0 10  20  30  40  50 

Temperature,  ®C 


Liquid'Vapor  Equilibria  of  Aqueous 
Monoethanolamine  Solutions  at  760  mm  Hg 


Water  Mol  Percent  in  the  Liquid  Phase 


(continued) 


Amines  755 


Table  14.62:  (continued) 

Partial  Preaaurea  of  Diethanolamine  in  Aqueous 
Solutions  at  Various  Contact  Temperatures 


Temperature,  °F 

60  00  100  120  140 


Temperature,  °C 


Liquid-Vapor  Equilibria  of  Aqueous  Diethanolamine 
Solutions  at  760  mm  Hg 


Partial  Pressures  of  Triethanolamine  in  Aqueous 
Solutions  at  Various  Contact  Temperatures 


Temperature.  °F 

120  140  160  180  200 


Temperature,  °C 


LIquId-Vapor  Equilibria  of  Aqueous  Triethanolamine 
Solutions  at  760  mm  Hg 


Water,  Mol  Percent  in  the  Liquid  Phase 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Monoethanolamine  Solutions 
at  50  mm  Hg  Absolute 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Monoethanolamine  Solutions 
at  300  mm  Hg  Absolute 


0 10  20  30  40  50  60  70  80  90  100 

Monoethanolarrune,  Percent  by  Weight 


240 

220 

200 

180 

160 

140 

120 

100 

80 


B Curve  = 

Boiling  Point  vs.  Composition 
C Curve  = 

Condensation  Temperature 
vs.  Composition 


320 

30G 

260 

260 

240 

220 

200 

180 

160 

140 


0 10  20  30  40  50  60  70  80  90  100 

MonoefharK)lamir>e.  Percent  by  Weight 

(continued) 


Temperature. 
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Table  14.62:  (continued) 

Bolling  Points  and  Condensation  Temperatures  of 
Aqueous  Monodethanolamine  Solutions 
at  760  mm  Hg  Absolute 


Monoethanolamine.  Percent  by  Weight 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Monoethanolamine  Solutions 
at  25  psi  Absolute 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Diethanolamine  Solutions 
at  50  mm  Hg  Absolute 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Diethanolamine  Solutions 
at  300  mm  Hg  Absolute 


B Curve  « 

Boiling  Point  vs.  Compositic 
C Curve  » 

Condensation  Temperature 
vs.  Composition 


Bolling  Points  and  Condensation  Temperatures  of 
Aqueous  Diethanolamine  Solutions 
at  760  mm  Hg  Absolute 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Diethanolamine  Solutions 
at  25  psi  Absolute 


Dietbarxjlamine.  Percent  by  Weight  Diettinnolamine,  Percent  by  Weight 

NOTE: 

Ethanoiamines  can 
undergo  decomposition 
reactions  at  temperatures 
above  200  ®C 


(continued) 


Temperature,  Temperature. 


Absolute  Viscosity.  Centtpoises 


Amines  757 


Table  14.62:  (continued) 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Triethanolamine  Solutions 
at  50  mm  Hg  Absolute 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Triethanolamine  Solutions 
at  300  mm  Hg  Absolute 
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Triethanolamine,  Percent  by  Weight 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Triethanolamine  Solutions 
at  760  mm  Hg  Absolute 


Boiling  Points  and  Condensation  Temperatures  of 
Aqueous  Triethanolamine  Solutions 
at  25  psi  Absolute 


NOTE; 

Ethanolamines  can 
undergo  decomposition 
reactior^  at  temperatures 
above  200®C 


Absolute  Viscosity  of  Aqueous 
Monoethanolamine  Solutions 


Absolute  Viscosity  of  Aqueous 
2 Diethanolamine  Solutions 


Absolute  Viscosities  of  Aqueous 
Triethanolamine  Solutions 


Monoethanolamine.  Percent  by  Weight 
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Diethanolamine,  Percent  by  Weight 
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Triethanolamine,  Percent  by  Weight 


1 30°C(86°F) 

2 50®C(122°F) 

3 75°C(167°F) 

4 100°C(212°F) 


(continued) 


Temperature,  ®F 
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Table  14.62:  (continued) 

Freezing  Points  of  Aqueous  Ethanoiamine  Solutions 
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Specific  Gravity  of  Aqueous  Ethanoiamine  Solutions 
at  20V20‘*C 
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Ethanoiamine.  Percent  by  Weight 


Weight  per  Gallon  of  Aqueous  Monoethanolamine 
Solutions  at  Various  Temperatures 


Weight  per  Gallon  of  Aqueous  Diethanolamine 
Solutions  at  Various  Temperatures 
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Monoethanoljjfnint;  Pt'rceni  by  Weigh! 


Weight  per  Gallon  of  Aqueous  Triethanolamine 
Solutions  at  Various  Temperatures 
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Triethanolamine,  Percent  by  Weight 
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Table  14.62:  (continued) 

Specific  Heats  of  Aqueous 
Monoethanoiamine  Solutions 

Temperature,  ®F 


40  80  120  160  200  240 


Specific  Heats  of  Aqueous 
Diethanolamine  Solutions 


0 20  40  60  80  100  120 


Temperature,  °C 


Specific  Heats  of  Aqueous 
Triethanolamine  Solutions 


Temperature.  °F 


Specific  Heat>Temperature  Data 
for  Ethanolamines 


Comparative  Hygroscopicities  of  Diethanolamine 
and  Triethanolamine  from  75''  to  80°C 
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Temperature, 


10  20  30  40  50  60  70  80 

Relative  Humidity.  % 


Weight  Percent  Ethanolamine  in  Aqueous  Solutions 
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Normality  of  Amine  Solution 


pH  Of  Ethanolamines  Solutions 
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ALKANOL  AMINES 

The  mosf  importanf  members  of  fhis  group  from  a commercial  standpoint  are  monoethanolamine,  diethanolamine,  and 
triethanolamine.  Also  avai lable  in  commercial  quantities  are  the  aminohydroxy  derivatives  of  nitroparaffins,  which 
are  2-omino-l -butanol,  2-amino-2-methyl-l -propanol,  2-amino-2-methyl-l , 3-propanedioI,  2-amino-2-ethyl-l , 3- 
propanediol,  and  tris  (hydroxymethyl)  ami  nomethane  . 

These  compounds  are  used  as  emulsifiers  for  cosmetic  lotions  and  creams,  mineral  oil  and  paraffin  wax  emulsions,  textiles, 
leather  dressings,  cleaning  compounds,  polishes,  and  "soluble  oils."  They  are  also  used  in  the  manufacture  of  pharma- 
ceuticals, surface-active  and  wetting  agents,  vulcanization  accelerators,  photographic  developers,  dyestuffs,  and 
resins.  Having  the  property  of  absorbing  acidic  gases,  such  as  H2S  and  CO2  in  cold  aqueous  solutions  and  releasing 
them  when  hot,  these  compounds  suggest  usefulness  in  gas  recovery  and  purification.  They  also  form  the  basis  for  chemi- 
cal synthesis. 


Table  14.63:  Monoethanolamine  (19) 


2(Hydroxyethyl  )amine 

2-Aminoethanol  H2NCH2CH2OH 

Colamine 

Monoethanolamine  is  a somewhat  viscous  hygroscopic  liquid  with  an  ammoniacal  odor. 

It  is  miscible  with  water  and  many  organic  solvents.  Its  molecule  contains  both  a hydroxyl 
and  on  amine  group,  thus  producing  derivatives  that  have  characteristics  of  both  types  of 
compounds.  It  is  used  as  a softener  and  conditioning  agent,  and  in  the  recovery  and  ex- 
traction of  carbon  dioxide  and  hydrogen  sulfide  from  industrial  gases.  Its  soaps  with  fatty 
acids  are  excellent  emulsifiers  for  waxes.  It  is  also  utilized  as  an  intermediate  in  the  manu- 
facture of  rubber  accelerators  and  dyestuffs. 


Typical  Proper  ties  and  Specifications 


Boiling  point 172. 2“C 

Coefficient  of  expansion  at  20"C 0.000770  (per“C) 

Dissociation  constant  at  20°C 5 X 10“* 

Equivalent  weight. , 61  to  63 

Flash  point  (open  cup) 93”C  (200*’F) 

Heat  of  evaporization  at  B.P 199  cal/g 

Refractive  index  at  20“C 1.4539 

Specific  gravity  at  20  (20"C  . 1.0180 

Specific  heat  at  30“C 0,665  cal/g 

Surface  tension  at  20“C 51  dynes/cm 

Viscosity  at  20°C  . _ 3.40  poises 

Vapor  pressure  at  20°C 0.67  mm  Hg 

Weight  per  gallon  at  20“C 8.472  lbs 

Boiling  range  at  760  mm  Not  less  than  90/o  over  between  165  and  173°C 

Color . Water- white 

pH  25%  Solution  at  25^ 12.1 

Solubility  in  water Complete 


Table  14.64:  Boiling  Point  Composition  Curves  Tabie  14.65:  Viscosity  of  Monoethanolamine 

for  Aqueous  Monoethanolamine  Soiutions  (19)  at  Various  Temperatures  (19) 
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Table  14.66:  Diethanolamine  (2) 

D I -2 -Hydr  ox  ye  thy  la  mine  (HOCH2CH2)2NH 

When  pure,  diethanolamine  Is  a crystalline,  white  solid  which  has  a melting  point  of  28® C., 
or  just  above  room  temperature.  The  commercial  material  has  a mild,  ammoniacal  odor. 

Like  other  ethanolamines,  diethanolamine  enters  into  reactions  characteristic  of  both  amines 
and  alcohols;  its  most  important  property  is  its  ability  to  combine  directly  with  acids  and 
acidic  gases.  At  normal  temperatures,  its  aqueous  solutions  have  a strong  affinity  for  hydrogen 
sulfide  and  carbon  dioxide;  and  at  higher  temperatures,  this  affinity  decreases,  with  expulsion 
of  the  gases . 

Diethanolamine  finds  wide  use  as  an  absorbent  for  acidic  gases;  especially  for  the  removal, 
recovery,  and  concentration  of  carbon  dioxide  from  flue  and  other  waste  gases  as  well  as 
from  hydrogen  gas  produced  by  crocking  methane.  Many  industrial  processes  require  pure 
hydrogen  free  of  acidic  gases.  Diethanolamine  is  used  to  remove  troublesome  hydrogen  sul- 
fide from  sour  natural  gas  in  transmission  lines  and  natural  gasoline  plants.  It  is  also  used  as 
a softening,  moistening,  and  emulsifying  agent;  and  in  the  synthesis  of  organic  compounds  by 
esterification  of  its  hydroxyl  groups. 

It  is  an  excellent  agent  for  neutralizing  the  acidity  which  is  developed  by  the  high  percentage 
of  clays  used  in  rubber  compounding,  and  thus  reduces  the  curing  time  considerably.  It  is  also 
used  in  the  production  of  powerful  synthetic  detergents  and  in  certain  synthetic  resins. 


Color  and  properties:  Faintly  colored,  viscous  liquid. 

Constants : Sp.gr.  1 .0985  at  20®C./20®C. ; b.  p.  (760  mm.)  268.0“C. ; vapor  pressure 
< 0.01  mm.  (20“C.);  flash  point  280‘*F.;  wt.  91.  lbs. /gal.  (20"C.).  Typical  tpeci- 
fications:  Sp.gr.  1.088  to  1.095  at  30*’C./20“C. ; water  not  more  than  15%; 
monoethanolamine  not  more  than  2%;  diethanolamine  not  less  than  95%; 
triethanolamine  not  more  than  2%;  color  (100-mm.  tube)  not  more  than  3 
yellow  and  1 red  Lovibond;  equivalent  wt.  104  to  108;  average  wt.  9.08  Ibs./gal. 
(30“C.). 

Miscible  with  water  and  most  organic  solvents. 


Table  14.67:  Viscosity  of  Diethanolamine  at  Various  Temperatures  (19) 


Table  14.68:  Triethanolamine  (2) 

Tri  -2  - Hydroxye  thy  lami  ne  ( H OC  H2  C H2  )3  N 

Triethanolamine  is  a viscous  and  very  hygroscopic  liquid  with  a slight  ammoniacal  odor. 

It  boils  at  244®C.  at  50  mm.  (360°C.  at  760  mm.)  and  is  entirely  soluble  in  water  and 
alcohols,  but  only  slightly  soluble  In  hydrocarbons.  It  is  a mild,  organic  base  which  like 
ammonia  combines  with  acids  and  acidic  materials.  The  alkalinity  of  pure  triethanolamine 
is  somewhat  less  than  that  of  ammonia,  its  pH  being  11.2  in  25%  solution. 

Three  commercial  grades  of  triethanolamine  are  available:  98%,  "regular",  and  "SP." 

These  differ  only  slightly  in  physical  and  chemical  properties  from  the  pure  compound.  The 

most  significant  variation  is  in  equivalent  weights.  Pure  triethanolamine  has  an  equivalent 

weight  af  149;  "regular,"  140;  and  "SP, " abaut  130.  This  variation  is  due  to  increasing 

amourtts  of  mono-  and  diethanolamine  present  in  the  respective  commercial  grades.  (continued) 
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Table  14.68:  (continued) 

With  free  fatty  acids,  triethanolamine  forms  soaps  in  direct  malecular  proportions.  Tri- 
ethanolamine oleate  is  a semi-liquid  soap  capable  of  forming  solutions  of  marked  detergent 
properties  in  water  or  in  organic  solvents  such  as  gasoline.  In  water,  triethanolamine  oleate 
is  soluble  in  all  proportions;  in  gasoline,  more  than  2%  soap  is  necessary  to  effect  solution. 

The  stearate  is  a hard,  white  product  which  finds  use  in  cosmetic  preparations.  Only  the 
98%  or  regular  grades  should  be  used  In  cosmetic  products.  These  soaps  are  practically  neu- 
tral, their  pH  being  approximately  8,  and  are  thus  free  from  irritating  effect  upon  the  skin 
or  from  injurious  effect  on  fabrics.  Very  stable  water  emulsions  of  almost  any  oil,  fat,  or 
wax  can  in  general  be  prepared  with  these  soaps.  The  usual  requirements  for  emulsification 
are  between  2 and  4%  triethanolamine  and  5 to  15%  oleic  or  stearic  acid,  each  based  on  the 
weight  of  the  oil  to  be  emulsified.  Triethanolamine  emulsions  are  distinguished  by  their  small 
particle  size,  non-corrosiveness,  non-valatility/  ease  of  preparation,  and  wide  flexibility  In 
formulation  with  fear  of  separation, 

A small  percentage  of  triethanolamine  assists  in  the  penetration  of  liquids  into  porous  materials. 
Becouse  of  its  pronounced  hygroscopicity,  it  is  employed  as  an  economical  softening  agent, 
humectant,  and  plasticizing  agent  for  such  products  as  textiles,  glues,  leather  coatings,  as  a 
penetrating  agent  in  impregnating  waod,  paper,  and  cellulose  products.  Also,  an  ingredient 
of  adhesives,  rubber  mixtures,  and  lacquers. 


Viscous,  pale  yellow  liquid  intermediate  in  properties  between  alcohol  and  am- 
monia; slightly  ammoniacal  odor;  excellent  penetrating  properties;  form^  soaps  with 
fatty  acids;  hygroscopic.  Commercial  product  contains  70-75%  triethanolamine, 
20-25%  diethanolamine,  0-5%  monoethanolamine.  Soluble  in  water,  alcohol  and 
chloroform.  Sp.gr.  1.1204-1.1284;  b.p.  360“C;  vapor  pressure  < 0.01  mm  (20'’C); 
flash  point  355“F;  wt./gal.  9.4  lbs.  (20“C);  coefficient  of  expansion  0.00048  (20°C); 
freezing  point  21.2“C;  viscosity  0.10  poise  (20‘’C). 

Typical  specifications:  Sp.  gr.  1,1240-1.1300  (20/20“C);  water  not  more  than  1.0%; 
purity  not  more  than  2.5%  monoethanolamine,  not  more  than  15%  diethanolamine, 
not  less  than  80%  triethanolamine;  equivalent  wt.  140-145;  color  (500-mm.  tube) 
not  more  than  7 yellow  and  2 red  Lovibond;  average  wt./gal.  9.40  !bs.  (20°C). 


Table  14.69:  Viscosity  of  Triethanoiamine 
at  Various  Temperatures  (19) 


Tabie  14.70:  Specific  Heats  of  Aqueous 
Triethanoiamine  Soiutions  at  21  °C  (19) 


Tabie  14.71:  Surface  Tension  of  Aqueous 
Ethanoiamine  Solutions  at  20‘C  (19) 


Tabie  14.72:  Viscosity  of  Aqueous 
Ethanoiamine  Soiutions  at  20°C  (19) 
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Table  14.73:  Isopropanoiamines  Mixed  (2) 

The  mixed  isopropanoiamines  are  ovailable  as  a liquid  mixture  of  mono-,  di-,  ond  friisopropanoiamine . 

Uses:  The  isopropanolamlne  soaps  may  be  employed  in  all  uses  now  found  for  the  ethanolamine  soaps. 

Their  excellent  hydrocarbon  solubility  and  color  stability  make  them  of  special  interest  in  soluble  oils, 
dry  cleaning  soaps,  cosmetics,  and  pharmaceutical  preparations.  Vinyl  acetate  resin  emulsions  of  the 
oil-in-water  type  for  coating  fabrics  and  leather  have  excellent  stability  when  prepared  by  stirring 
80  parts  by  weight  of  "Vinyl ite"  resin  AYAF  (30%  solution  in  toluene)  and  1 part  oleic  acid,  into 
20  parts  of  water  containing  0.6  to  0.8  parts  of  mixed  isopropanolamine . 

Kerosene  solubilized  with  4%  by  weight  of  mixed  isopropanolamine  and  15%  by  weight  of  oleic  acid 
produces  stable  emulsions  with  water  upon  mechanicaTagitation . Stable  water  emulsions  of  chlorin- 
ated hydrocarbons  or  naphtha  may  be  prepared  by  a similar  procedure.  The  addition  of  about  2%  by 
weight  of  mixed  isopropanolamine  has  been  found  to  improve  the  penetration  of  starch  glues  into 
heavily  sized  envelope  stock. 

Purity 

MonoiBopropanoIsmine 14±  2%  by  wt, 

Diiaopropanolamine 43±  4%  by  wt. 

Triisopropanolamine 43+  4%  by  wt. 

Specific  gravity  at  20/20*C 1.0040-1.0100 


Table  14.74:  Triisopropanolamine  (2) 

Tri -2 -Hydroxy  isopropyl  a mine  (CH3CHOHCH2)3N 

This  compound  is  a white,  crystalline  solid,  completely  soluble  in  water.  It  is  used  as  a reoctant  in 
pharmaceutical  syntheses.  It  is  important  in  the  ora!  treatment  af  syphilis.  Combined  with  sodium 
bismuthate  and  propylene  glycol,  it  produces  a bismuth  compound  stable  enough  to  withstand  chemical 
action  of  the  digestive  system.  Triisopropanolamine  can  be  used  for  the  preparation  af  casmetic  creams, 
"soluble"  oils,  and  emulsions— where  the  good  color  stability  of  its  soaps  is  af  interest.  Formulas  can- 
taining  lanolin  may  vary  in  color  stability.  Triisopropanolamine  is  especially  suggested  for  "soluble" 
white  paraffin  oils  for  the  rayon  industry,  where  good  color  and  low  free  fatty  acid  content  are  desirable. 


Boiling  point  (760  mm)  306.4*C 

Floah  point 306"F 

Latent  heat  of  vaporization 45"C 

Melting  point 46“C 

pH  25%  Solution  at  26X 10.7 

Equivalent  weight 188-192 

Specific  gravity  at  50/20“C 0.9996 

Solubility  in  water  at  20“C Gomplete 

Solubility  of  water  in  amine Complete 

Vapor  pressure  at  20“C 0.01  mm  Hg 

Weight  per  gallon  at  50"C 8,32  lbs. 


Table  14.75:  2-AmlnO"2-Methyl-1 -Propanol  (2) 

CH3C(CH3)NH2CH20H 


This  is  a water-white,  syrupy,  alkaline  liquid,  with  a faint  ammoniacal  odor.  It  is  soluble 
in  water  and  many  organic  solvents.  It  forms  soaps  with  higher  fatty  acids  and  these  are  useful 
as  emulsifying  agents  in  textile  and  leather  materials,  water-emulsion  paints,  and  self-polishing 
waxes. 


Boiling  point  (760  mm) 165*C 

Melting  point 25*C 

Specificity  gravity 0.934 

pH  (0.1  M solution  at  20*C 11.27 

Solubility  in  100  cc  water Complete 

Vapor  pressure  at  20“C 1.0  mm 

Flash  point  (Tag.  open  cup) 153*F 

Refractive  index  at  20®C 1.449 

Weight  per  Gallon  at  68*F 7.77  Ibe 
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Table  14.76:  2-Amino-2-Methyl-1 ,2-Propanediol  (2)  Table  14.77:  2-Amlno-2-Ethyi-1 ,3-Propanediol  (2) 


CH20HC(CH3)NH2CH20H 


Boiling  point  at  10  mm 151  *C 

Melting  point 100-1 11®C 

pH  (0.1  M solution)  at  20*C 10.78 

Solubility  in  100  cc  water 260  grama 


CH20HC(C2H5)NH2CH20H 


Boiling  point  at  10  mm 153*C 

Flash  point  (Tag.  open  cup) 166*F 

Melting  point 37.5  to  38.5*C 

pH  of  0.17  Af  aqueous  solution  at  20**C 10.8 

Solubility  in  water  at  20*C Complete 

Specific  gravity  at  20/20*C 1.099 

Refractive  index  at  20*C 1.490 

Weight  per  gallon  at  68*F 9.15  Ibe. 


Table  14.78:  2- Amino-1 -Butanol  (2) 
NH2 

CH3CH2CHCH2OH 


Boiling  point  at  780  mm 178*C 

Flash  point  (Tag.  open  cup) 164 ®F 

Melting  point — 2“C 

pH  of  O.lM  aqueous  solution  at  20*C 11.1 

Specific  gravity  at  20*/20*C 0.944 

Solubility  in  water  at  20*C Completely  Miscible 

Vapor  pressure  at  20*C  (eat) 0.5  mm 

Refractive  index  at  20*C 1 .453 


Table  14.80:  2-Amlnoethylethanolamine  (2) 

Hydroxy  ethyl  E thy  lenedi  amine 

NH2CH2CH2NHCH2CH2OH 

This  compound  1$  a hygroscopic  liquid  with  a 
mild  ammonlacal  odor;  It  Is  completely  soluble 
In  water.  It  Is  used  In  the  manufacture  of  dyes, 
pharmaceuticals,  textile  specialties,  flotation 
agents,  resins.  Insecticides,  and  rubber 
products . 


Boiling  point  at  760  mm 243.7“C 

Flash  point 275*C 

Specific  gravity  at  20/20*C 1.0304 

Solubility  in  water Complete 

Solubility  of  water  in  solvent Complete 

Vapor  pressure  at  20*C 0.02  mm  Hg 

Weight  per  gallon  at  30*C 8.58  lbs. 

Boiling  range  at  760  mm 232-250*C 

Purity 99%,  min 


Table  14.79:  Tris(Hydroxymethyl)Amlnomethane  (2) 


NH, 

I 

CH,OH-CCH,OH 

I 

CH.OH 


Boiling  point  at  10  mm 219  to  220*C 

Melting  point 171  to  172*C 

pH  of  0.1  Af  aqueous  solution  at  20“C 10.4 

Solubility  in  water  at  20*C 80  grams  per  100  ml 


Table  14.81:  1-Dlethylamino-2, 3-Propanediol  (2) 


(C2H5)2NCH2CH0HCH20H 

This  alkylol  amine  Is  o water-white  to  light-straw 
liquid  with  a faintly  ammonlacal  odor.  It  Is  sol- 
uble In  water,  methyl  alcohol,  ethyl  ether,  ethyl, 
acetate,  acetone,  aromatic  hydrocarbons,  fixed 
oils,  oleic  and  hot  stearic  acids,  and  hot  carnauba 
wax,  the  latter  solidifying  when  cooled.  It  Is  In- 
soluble In  mineral  oil  and  paraffin  wax. 


Boiling  range 236-236*C 

Flash  point 210*F 

Specific  gravity  at  20/20*C 0.973 
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Table  14.82:  Aminohydroxy  Compounds  (34) 

Product  Specifications 


2-Amino-2-methyl- 

1-propanol 

2-Amino-2-elhyl- 

1.3-propanedfol 

Tris(hydroxyme1hyl)Bminomethane 

AEPD 

TRIS  amino  TRIS  AMINO 

Crystals  40%  Concentrate 

Neutril  equivalent B8  5-91  93-97  121.5*  121-122  — 

Water.  % by  wl  (max.) O.B  5.8  3.B  0.5  -- 

MelimQ  point,  *C  (min.)  ....  — — ~ 160  — 

Color  (max.) 20  APHA  20  APHA  2 Gardner  — 5 Gardner 

Color  oI  20%  aqueous 

solution  (max.) — — ~ 40  APHA  — 

Distillation  ranae.  *C 156-177  — — 

Nonvolatile  matter.  % 

by  wt  (max.) 0 005  0,005  — — — 

Amine  assay  by  titration, 

calc,  as  % TBlS  AMINO.  . , — — — — 40i2 

■Anhyerovl  kMrl  (■«•.  ) 


Physical  Properties  of  Purified  Materials 


2-Amino-2•mel^yl-  2-Amtno-2-einyl-  Tris(hydroxymethyl)- 

1-propanol  1,3-propanediol  aminomethana 


Formula  CMjCCHjOM  HOCM,CCM,OM  HOCHjCCHjOM 


CH,  C,M,  CH,OM 

Molecular  weight  (calcd.)  89.14  119.17  121.14 

Boilrng  point  at  760  mmHg,  *C 165  

Boiling  point  at  10  mmMg.  *C — 152-153  219-220 

Melting  point.  *C  30-31  37.5-38,5  171-172 

Specific  gravity  at  40/40’C 0.928  1 ,101  — 

pH  of  0.1M  aqueous  solution  at  20’C 11.3  10.8  10  4 

Solubility  in  water  at  20*C.  g/100  ml miscible  miscible  80 

Weight  per  gallon  at  20*C,  lb 7.78  9.15  — 

pK,  a125*C B.72  8.80  8.03 


Additional  Properties  of  AMP 

Viscosity  at  10*C,  cp 

25*C.cp  

30'C, CP  

WC.  ep 

70*C.cp  

00*C.  ep 

Vapor  pressure  at  100 *C.  mmMg 

150*C,  mmHg 

Specific  gravity  at  25/2$*C  

Coefficient  of  expansion  per  *C 

Refractive  index,  rte.  at  20*C 

Heat  of  vaporization  at  110*C.  kcal/mole 
130'C,  kcal/mole  . . 
150*C.kcal/mole  . . . 
185*C.  kcal/molc 
Heat  of  dissociation  at  25*C.  kcai/moie 


AMP  Regular 


102 

24 

9 

4 

59 

457 

0.00095 
1.449 
13.2 
12.5 
123 
12  1 
12.9 


AMP-95 

561 

147 


0 942 
0.00098 


Table  14.83:  2-Diethylamino-2-Methyl-1-Propanol  (34) 


DMAMP-80 

CH3- 

-C-CH^OH 

Specifications 

Typical  Properties 

OMAMP.  % by  wl 

7SS2 

DMAMP>S0 

las  titratable  amine) 

Color,  APHA 

Neutral  equivalent 

-148 

Water,  Vo  bv  wt. 

18-22 

Specific  gravity  at 
25/25"C 

0.95 

Weight  per  gallon 

at  25"C 

7.9  lb 

Flash  point. 

Tag  open  cup 

150*F 

Tag  closed  cup 

153^F 

Freezing  point 

-20“C 

Boiling  point  at 

760  mmHg 

-98“C 

Viscosity  at  25®C, 

Gardner 

pH  of  0.1  N aqueous 

solution 

11.6 

APHA  color  (max.) 

100 
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ALKYLALKANOL  AMINES 


Thfs  group  of  compounds,  olso  referred  fo  os  alkylominoethonols,  hove  less  odor  than  most  olkylomines  and  possess  both 
water  and  oil  solubility.  The  solubility  degree  of  each  Is  determined  by  the  number  of  alkyl  or  hydroxyl  groups  present 
In  the  molecule.  A larger  number  of  hydroxyl  groups  gives  greater  water  solubility,  whereos  a predominance  of  alkyl 
groups  gives  greater  oil  solubility.  The  derivatives  of  these  compounds  are  of  particular  Interest.  They  form  soaps  with 
fatty  acids  which  may  be  employed  as  emulsifying,  penetrating,  and  wetting  agents,  and  these  uses  can  also  be  applied 
to  the  ester  and  acid  amide  derivatives.  These  amines  also  serve  as  intermediates  In  the  manufacture  of  drugs  and  dyes. 


Table  14.84:  Properties  of  Various  Aikylalkanol  Amines  (2) 


Dimethylethanolamine  [(CH3)2NCH2CHiOHl  DimethylethanoUimine  is 
a water-white  liquid  with  an  amine  odor.  It  resembles  diethylethanoiamine 
in  chemical  behavior  and  it  is  used  as  an  intermediate  in  the  synthesis  of 
corrosion  inhibitors,  dyes,  pharmaceuticals,  and  textile  auxiliaries. 

Boiling  point 133“C 

Equivalent  weight 89 

Specific  Gravity  at  20/20‘’C 0.887 

Refractive  inde.v  1.4300 

Diethylethanoiamine  (Diethylaminoethanol,  (CjHs)2NC2H40H).  Di- 
ethylaminoethanol  is  a water-white,  hygroscopic  liquid  which  behaves 
chemically  like  the  tertiary  amines  and  alcohols.  It  is  soluble  in  water,  ethyl 
alcohol,  methyl  alcohol,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic 
hydrocarbons,  fixed  oils,  mineral  oil,  oleic  acid,  hot  stearic  acid,  and  hot 
paraffin  and  carnauba  waxes,  the  last  two  solidifying  when  cooled.  It  is 
used  in  the  manufacture  of  certain  pharmaceuticals,  such  as  procaine  and 
“atabrine”.  It  forms  amine  soaps  with  higher  fatty  acids,  which  are  oil- 
soluble  and  useful  as  emulsifiers  and  textile  lubricants.  Its  mild  alkalinity 
makes  it  applicable  as  a neutralizing  agent  and  a corrosion  inhibitor. 

Di-n*butylcthanolamine  (Di-n,-Butylaminocthanol,  (C4H9)2NCH2CH2- 
OH).  This  alkylolamine  is  a water-white  liquid  with  a faintly  amine  odor. 
It  is  insoluble  in  water  but  soluble  in  ethyl  alcohol,  methyl  alcohol,  ethyl 
ether,  ethyl  acetate,  aromatic  hydrocarbons,  fixed  oils,  mineral  oil,  oleic 
and  hot  stearic  acids,  and  hot  paraffin  and  carnauba  waxes,  the  latter  two 
solidifying  when  cooled.  It  is  slightly  soluble  in  paraffinic  hydrocarbons. 

n-Butyl  diethanolamine  [C4H»N(CH2CH20H)2].  This  alkylol  amine  is  a 
light  straw-colored  liquid  with  a faintly  amine  odor.  It  is  soluble  in  water, 
ethyl  alcohol,  methyl  alcohol,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic 
hydrocarbons,  castor  oil,  oleic  and  hot  stearic  acids,  and  hot  carnauba 
wax,  the  latter  solidifying  when  cooled.  It  is  insoluble  in  linseed  and  cotton- 
seed oils,  mineral  oil,  and  paraffin  wax. 

n-Butyl  monoethanoUmine  (C4H9N"HCHaCHjOH).  This  alkylol  amine 
is  a water-white  liquid  with  a faintly  amine  odor.  It  is  soluble  in  water, 
ethyl  alcohol,  methyl  alcohol,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic 
hydrocarbons,  fixed  oils,  oleic  and  stearic  acids,  and  hot  carnauba  and 
paraffin  waxes,  the  latter  two  solidifying  when  cooled.  It  is  only  slightlv 
soluble  in  paraffinic  hydrocarbons. 

Ethyl  diethanolamine  [C2HbN(CH2CH20H)2].  Ethyl  diethanolamine  is  a 
water-white  liquid  with  an  amine  odor  and  soluble  in  water,  ethyl  alcohol, 
methyl  alcohol,  acetone,  aromatic  hydrocarbons,  some  fixed  oils,  oleic  and 
hot  stearic  acids.  It  is  insoluble  in  linseed  and  cottonseed  oils,  mineral  oil, 
paraffin  and  carnauba  waxes.  It  is  only  slightly  soluble  in  paraffinic  hydro- 
carbons. 


(continued) 
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Table  14.84:  (continued) 


Ethyl  monoethanolamine  (CsH^NHCHsCHsOH).  This  alkylolamine  is  a 
colorless  liquid,  with  an  amine  odor.  It  is  soluble  in  water,  ethyl  alcohol, 
methyl  alcohol,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  hydrocar- 
bons, fixed  oils,  mineral  oil,  oleic  and  stearic  acids,  and  hot  camauba  and 
paraffin  waxes,  the  latter  two  solidifying  when  cooled.  It  is  only  slightly 
soluble  in  paraffinic  hydrocarbons. 

TetraethanoUmmonium  hydroxide  [N(CsH40H)40H].  This  solvent  is  a 
white,  crystalline,  strongly  basic  solid,  completely  miscible  with  water. 
The  commercial  product  is  an  aqueous  methanol  solution  in  which  40  to 
41  per  cent  of  this  solvent  is  present.  Although  aqueous  solutions  of  this 
solvent  are  stable  at  ordinary  temperatures,  it  will  decompose  when 
heated  to  weakly  basic  tertiary  amines.  This  property  is  utilised  in  proc- 
esses where  it  is  desired  to  destroy  a strongly  alkaline  substance  which  is 
no  longer  needed.  Tetraethanolammonium  hydroxide  is  also  a good  solvent 
for  certain  types  of  dyea 


Color 

White 

Description 

Crystalline  solid 

Melting  point 

128*C 

Solubility  in  water 

Complete 

Solubility  of  water  in  lolvent 

Complete 

Vapor  pressure  at  20*C 

0.01  mm 

Diitbjrlsaiao. 

ctibuol 

Hiiiniffliimilii 

EcM 

Color 

Water-white 

Water-white 

Water-white 

Specific  gravity  at  20*/20*C. 

0.88-0.80 

0.93 

1.03 

Minimum  amine  content 

90.5% 

98.5% 

98. 5<^- 

Initial  boiling  point 

158*C. 

161  *C 

245*C. 

Final  boiling  point 

1«3*C. 

174. 6’C. 

260*C. 

Flash  point 

I35*F. 

160*F. 

265*F. 

Solidification  point 

< -70*C. 

-8.8*C. 

-50*C. 

Refractive  index  at  20*C. 

1.440 

1.444 

1.466 

Viscosity  at  25”C  (oentipoise) 

4.06 

12.40 

53 

Viscosity  at  60*C  (centipoise) 

ISO 

3.32 

11.3 

Coefficient  of  expansion  per  *C. 

0.0012 

0.00001 

0.00080 

Theoretical  molecular  weight 

117.19 

80.14 

133.19 

Average  weight  per  gallon 

7.36  lbs. 

7.66  lbs. 

8.5  lbs. 

a-Bytrl- 

a-Bytjrl 

■minoethaaol 

Color 

Water-white 

Water-white  Water-white  to 

Light  Straw 

Specific  gravity  at  20*/20*C. 

0.860 

0.80 

0.97 

Minimum  amine  content 

98.5% 

96.0% 

95.0% 

Initial  boiling  point 

222*C. 

192*C. 

362*C. 

Final  boiling  point 

234*C. 

316*C. 

290*C. 

Flash  point 

200*F. 

170*F. 

245*F. 

Solidification  point 

< -70*C. 

-3.6*C. 

<-70*C. 

Refractive  index  at  20*C. 

1.444 

1.444 

1.462 

Viscosity  at  26*C  (centipoise) 

6.50 

17.4 

55 

Viscosity  at  00*C  (centipoise) 

1.94 

4.02 

10.6 

Coefficient  of  expansion  per  *C. 

0.00114 

0.0010 

0.00077 

Theoretical  molecular  weight 

173.30 

117.19 

161.24 

Average  weight  per  gallon 

7.16  lbs. 

7.44  lbs. 

7.25  lbs. 
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GLYCOL  ETHER  AMINES 

Table  14.85:  Properties  of  Various  Glycol  Ether  Amines  (47) 


Amtne 

Methoxyethyl 

Di  methoxyethyl 

Ethoxy  ethyl 

Diethoxyethyl 

Methoxy  isopropyl 

CH3 

1 

Formula 

CH30CaH4NH2 

(CH30CaH4)2NH 

C2Hs0C2H4NH2 

(C2Hs0C2H4)2NH 

1 

CH30CHaCH  NHg 

Molecular  Weight 

75 

133 

89 

161 

89 

Boiling  Point,  ®C 

91 

172 

107 

194 

98 

Vapor  Pressure, 
mm.  at  20®C . 

— 

1.0 

-- 

0.5 

— 

nQ  at  25®C . 

1.4058 

1.4190 

1.4086 

1.4205 

1.4038 

Specific  Gravity 

0.89 

0.91 

0.85 

0.88 

0.84 

pKb 

4.62 

5.49 

7.74 

5.53 

4.60 

Flash  Point,  ®F. 

60 

155 

70 

185 

60 

Formulo 

(C4H9)2NH 

(CH30CH2CHa)2NH 

(H0CH2CHa)2NH 

Moleculor  Weight 

129 

133 

105 

Boiling  Point,  'C. 

160 

172 

270 

Vopor  Pressure, 
(20®  C.) 

1.9 

1.0 

<0.01 

Freezing  Point,  ®C 

-62 

<-40 

28.0 

Specific  Grovity 

0.76 

0.91 

1.09 

pKb 

2.7 

5.5 

5.2 

% Solubility  in 
H20ot25®C. 

0.47 

00 

00 

CH30CH2CH(CH3)0- 


Formula 

C4HgCH(C2H5)CH2NH2 

CH2CH( CH3 

Molecular  Weight 

129 

147 

Boiling  Point,  ®C. 

169 

175 

Vapor  Pressure, 
(20®  C.) 

1.2 

1.0 

Freezing  Point,  ®C . 

— 

— 

Specific  Gravity 

0.79 

0.85 

pKb 

3.2 

4.8 

% Solubility  in 
H20at  25®C. 

0.25 

00 
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ARYL  AMINES 

Table  14.86:  Aniline  (2) 


Ami  nobenzene 
Phenylamine 


C6H5NH2 


Aniline  is  a colorless  to  straw-colored,  toxic,  highly  refractive,  oily  liquid  having  a 
characteristic  odor.  It  is  soluble  in  ethyl  alcohol,  ethyl  ether,  carbon  tetrachloride, 
and  only  slightly  soluble  in  water.  It  is  used  in. the  production  of  such  materials  as 
indigo,  ani  line  black,  tetranitrani  line,  acetanilide,  explosives,  dyes,  rubber  chemicals, 
and  pharmaceuticals. 


Boiling  point 

Flash  point 

Freesing  point 

Melting  point 

Specific  gravity  at  25/25*C 

Solubility  in  water  at  25*C 

80*C 

Weight  per  gallon  at  25*C 
Boiling  range 

Nitrobeniene 


184. 2*C 
70*C 

-6.3*0  min. 

-6.2*0 

1.021 

3.8 

6.0 

8.60  lbs. 

1.5*0 

95%  distills  within  1 .0*0 
None 


Table  14.87:  Dimethylanillne  (2) 


C6H5N(CH3)2 


Dimethylanillne  is  a pale  yellow,  highly  refractive,  toxic,  oily  liquid  with  a pungent  odar. 

It  is  soluble  in  ethyl  alcohol,  ethyl  ether,  and  carbon  tetrachloride,  but  only  very  slightly 
soluble  in  water.  It  is  used  in  the  making  of  dyes  and  the  explosive  tetranitroaniline  ("Tetryl”). 


Boiling  point 
Freesing  point 
Specific  gravity  at  25/25*0 
Weight  per  gallon  at  25*0 
Boiling  range  within 

Oolor 

Monomethylaniline 


102.9*0 
1.5*0 
0.956 
7.95  lbs. 

2.0*0 

95%  distills  within  1.0*0 
Yellow  to  amber 
0.5%  nuu. 


Table  14.88:  Diethyianlline  (2) 


C6H5N(C2H5)2 

Diethyloniline  is  o light-yellow,  oily,  toxic  liquid  with  a pungent  odor.  It  is  soluble  in 
ethyl  alcohol,  ethyl  ether,  and  carbon  tetrachloride,  but  only  very  slightly  soluble  in 
water.  It  is  used  in  the  preparation  of  dyes,  pharmaceuticals,  and  other  orgonic  compounds. 


Boiling  range 

Freezing  point 

Specific  gravity  at  25/25*0 

Weight  per  gallon  at  25*0 

Aniline 

Boiling  range 

Oolor 

Monoethyl  aniline 

Purity 

Water 


216.3*0 
-34.4*0 
0.933 
7.76  lbs. 

None 

5-95%  within  2.5*0 
Boiling  range  includes  216.3*0 
Light  yellow 
0.2%  max. 

99.8%,  min. 

No  visible  separation 
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Table  14.89:  N-Mono-n-Butyl  Aniline  (2) 


C6H5NHC4H9 

This  secondary  amine  is  a lighf  sfraw  to  amber-colored  liquid  with  an  aniline  odor.  It  is 
insoluble  in  water  but  soluble  in  ethyl  alcohol/  methyl  alcohol,  ethyl  ether,  ethyl  acetate, 
acetone,  aromatic  and  aliphatic  hydrocarbons,  fixed  oils,  mineral  ail,  oleic  acid,  and  hot 
steoric  acid.  It  is  also  soluble  in  hot  paraffin  and  carnauba  waxes  which  solidify  upon  coaling. 


Flash  point  225°F 

Specific  gravity  at  20X  0.93 

Refractive  index  at  20°C  1.5351 

Weight  per  gallon  at  20'*C  7.71  lbs. 

Boiling  range  234-242°C 

Purity  95%,  min. 


Table  14.90:  N,N-Di-n-Butyl  Aniline  (2) 


C6H5N(C4H9)2 


N,  N-Di-n-Butyl  ant  line  is  a light-straw  colored  liquid  with  a faintly  ani  line  odor  and  is 
soluble  in  ethyl  alcohol,  aromatic  hydrocarbons,  ethyl  ether,  ethyl  acetate,  acetone,  fixed 
oils,  mineral  oil,  oleic  acid  and  hot  stearic  acid.  It  is  insoluble  in  water,  methyl  alcohol, 
and  while  soluble  in  hot  paraffin  and  carnauba  waxes,  these  solidify  when  cooled. 


Flash  point  230*F. 

Specific  gravity  at  20°C  0.904 

Refractive  index  at  20°C  1.5197 

Weight  per  gallon  at  20°C  7.53  lbs. 

Boiling  range  267-275“C 

Purity  95%,  min. 


Table  14.91:  n-Monoamyl  Aniline  (Mixed  Isomers)  (2) 


C^HsNHCsH,! 

n-Manoomyl  aniline  is  a mixture  of  isomers.  It  is  a light-straw  colored  liquid  with  a faintly 
aniline  odor.  It  is  insoluble  in  water  but  soluble  in  ethyl  alcohol,  methyl  alcohol,  ethyl 
ether,  ethyl  acetate,  acetone,  aromatic  and  aliphatic  hydrocarbons,  fixed  oils,  mineral  oil, 
oleic  acid,  and  hot  stearic  acid.  It  is  also  soluble  in  hot  paraffin  and  carnauba  waxes  which 
solidify  an  coaling. 

Flash  point  225*F 

Specific  gravity  at  20^C  0.92 

Refractive  index  at  20"C  1.52S5 

Weight  per  gallon  at  20°C  7.64  lbs. 

Boiling  range  245-260“C 

Purity  96%,  min. 


Table  14.92:  p-tert-Amyl  Aniline  (2) 


C5H11C6H4NH2 


p-tert-Amyl  aniline,  an  aryl  amine,  is  a straw  to  deep  red-colored  liquid  with  a faintly 
aromatic  odor.  It  is  soluble  in  methyl  alcohol,  ethyl  ether,  ethyl  acetate,  acetone,  aro- 
matic and  aliphatic  hydrocarbons,  fixed  oils,  mineral  oil,  oleic  acid  and  hot  stearic  acid. 

It  is  insoluble  in  water  and  while  it  dissolves  hot  carnauba  and  paraffin  waxes,  these  solidify 
on  cooling. 


215*F 

0.943 


Flash  point 

Specific  gravity  at  20/20“C 
Boiling  range 


263-269*C 


Amines 


Table  14.93:  DI-tert-Amyl  Aniline  (2) 


Di-tert-amyl  aniline,  an  aryl  amine,  ?$  a red-colored,  almost  odorless  liquid,  soluble  in 
ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and  aliphatic  hydrocarbons,  fixed  oils,  mineral 
oil,  oleic  acid  and  hot  stearic  acid.  It  is  insoluble  in  water  and  methyl  alcohol,  and  dissolves 
hot  carnauba  and  paroffin  waxes,  which  solidify  when  cooled. 


Fluh  point  2S6*F 

Specific  gravity  at  20/20*C  0.923 

Bolting  nnge  288-331  *C 


Table  14.94:  N,N-Dlamyl  Aniline  (Mixed  Isomers)  (2) 

C6H5N(C5Hn)2 

N,N-diamyl  aniline  is  a dark-amber  liquid  with  a faintly  aniline  odor.  It  is  insoluble  in 
methyl  alcohol  and  water,  but  soluble  in  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and 
aliphatic  hydrocarbons,  fixed  oils,  mineral  oil,  oleic  acid,  and  hot  stearic  acid.  It  is  also 
soluble  in  hot  carnauba  and  paraffin  waxes,  which  solidify  on  cooling. 


FlttcK  point  2M*F 

Specific  gravity  at  30/20*C  0.898 

Boiling  range  270-292*C 


Table  14.95:  DIethylbenzylamine  (2) 


Diethylbenzylamine  is  a colorless  liquid  with  an  almond-like  odor.  It  is  soluble  in  ethyl  and 
methyl  alcohols,  ethyl  ether,  ethyl  acetate,  acetone,  aromatic  hydrocarbons,  fixed  oils,  min- 
eral oil,  oleic  acid  and  hot  stearic  acid.  It  is  insoluble  in  water  and  while  soluble  in  hot  paraf- 
fin and  carnouba  waxes,  these  solidify  on  cooling. 


Flash  point  170“F 

Specific  gravity  at  20*C  0.890 

Refractive  index  at  20'*C  1.S002 

Weight  per  gallon  at  20*C  7.41  Ibe. 

Boiling  range  207-21 5*C 

Purity  97%,  min. 


Table  14.96:  N-(n-Butyl)-o-Naphthylamlne  (2) 

C10H7NHC4H9 

This  solvent  is  a dark-red  liquid  with  o faintly  amine  odor.  It  is  a solvent  for  methyl  alcohol, 
ethyl  ether,  ethyl  acetate,  acetone,  aromatic  and  oliphatic  hydrocarbons,  fixed  oils,  mineral 
oil,  oleic  and  hot  stearic  acid.  It  is  insoluble  in  water,  and  soluble  in  hot  paraffin  and  carnauba 
waxes  which  solidify  on  cooling. 


Flash  point 

Specific  gravity  at  20/20*’C 
filing  range 


295*F 

1.012 

318-325*C 
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IMINES 


Table  14.97:  Ethylene  Imlne  (23) 


\ / 
N 
H 


Ethylene  imine  is  a colorless  mobile  liquid  having  an  amine-llke  odor,  with  the  above  structure. 


Molecular  Weight 43.07 

Density,  gm.  ml.  -10®C 0.865 

0®  C 0.856 

10®C; 0.846 

25®  C 0.832 

Boiling  Point,  ®C 57 

Freezing  Point,  ®C --78 

Index  of  Refraction,  nj^  at  25®  C 1 .41 23 

Viscosity,  cps.  at  25®  C 0.418 

Surface  Tension,  dynes  cm 32.8 

Flash  Point,  ®F 12 

Heat  of  Formation,  Kcal.,  mole 21.95 

Heat  of  Vaporization,  Kcal. /mole  at  20®  C 7.9 

Dissociation  Constant 7.8  x lO’^ 


Table  14.98:  Propylene  Imlne  (41) 


Molecular  Weight 

57.09 

Density,  g. /ml. 

25°C. 

0.8017 

35°C. 

0.7908 

4S°C. 

0.7811 

g./ml.  per  °C.  at  25°C. 

0.0011 

Boiling  Point,  °C.  at  760  mm 

• Hg 

66.0 

°C.  per  mm.  Hg  at  760  mm.  Hg 

0.038 

Vapor  Pre.ssure  at  25°C.,  mm 

■ Hg 

140 

Refractive  Index,  Nq  at  25°C. 

1.4084 

Absolute  Viscosity,  centipoises  at  25°C. 

0.491 

pKa  at  25°C. 

8.18 

Heat  of  Vaporization  at  66°C.  and  1 atm,  cal.  per  g. 

1.39 

Integral  Heat  of  Solution  of  P.I.  in  water,  5 wt.  % 
P.l.  final  cunc.,  kcal. /mole 

4.5 

Heat  of  Vaporization  at  66°C.  and  1 atm,  BTL!  per  lb. 

250 

Solubility: 

Water 

1 

Soluble 

Polar  organic  solvents 

in  all 

Pentane 

1 

Proportions 
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AMIDES 

Table  14.99:  Formamide  (1 1) 


HCONH2 

Formamide  is  a water-white  to  light  yellow,  hygroscopic  liquid.  It  is  miscible  ir»  all  proportions  with  the 
lower  alcohols  and  glycols,  but  is  insoluble  in  hydrocorbons,  chlorinated  solvents  ond  ethers.  Its  high 
dielectric  constant  is  an  indication  of  its  high  ionizing  power. 


Formamide  dissolves  many  metal  chlorides,  iodides,  nitrates,  phosphates,  and  some  carbonates  and  is  less 
soluble  in  sulfates  and  oxides.  Proteins,  saccharides,  and  palyvinyl  alcohol  dissolve  or  soften  in  formamide. 
Cellulose  will  swell  in  formamide  as  it  does  in  water.  Formamide  is  a nonaqueous  solvent  for  electrolytes 
due  to  its  ionizing  solvent  action  on  numerous  inorganic  salts. 


AVERAGE  ANALYSIS 

Formamide,  % 98.5 

Methanol,  % 1.0 

Color  (as  shipped),  APHA 7 

PHYSICAL  PROPERTIES 

Molecular  weight 45.04 

Boiling  point  (760mm),  °C 210 

"F 410 

Freezing  point,  °C 2.6 

°F 36.7 

Specific  gravity,  25  V4X  (77  V39°F) 1.1339 

Density.  Ib/gal,  60°F  (15.6°C) 9.5 

Refractive  index,  1.4481 

Surface  tension,  dynes /cm,  20° C (68® F)  ..  58.35 

Viscosity,  cp.  20°C  (68°F)  3.76 

Dielectric  constant.  20 °C  (68 °F) 84 

Solubility  parameter 19.2 

Hydrogen  bonding  index  >16.2 

Specific  conductance,  ohm-',  25°C(77°F)  18.9  x 10-^ 

Specific  heat  of  liquid,  cal/g,  19°C 0.55 

Btu/lb,  66°F 0.99 

Latent  heat  of  vaporization,  cal/g,  210°C  . 4(X) 
Btu/lb.  410°F  .720 

Flash  point  (TOC),  °F 310 

°C 154.4 


Table  14.100:  Dimethylformamide  (1 1) 

DMF  (CH3)jNCH=0 


DMF,  dimethylFormanide,  is  a uniquely  versatile  ond  povrerful  solvent  vrith  the  follovring  general  properties: 


Appearance  Colorless,  mobile  liquid 

Molecular  weight 73.09 

Boiling  point,  760mm,  “C 153  (307®F) 

Freezing  point.  ®C -61  ( -78®F) 

Specific  gravity  0®/4®C 0.9683 

25®/4®C 0.9445 

Density,  Ibs/gal,  20°C 7.92 

Refractive  index.  Nd25®C 1.4269 

Vapor  pressure,  25*’C 3.7mm 

Viscosity,  25®C  0.802  cp 

Surface  tension,  25®C 35 .2  dynes/cm 

Specific  heat  (liquid.  20®C) 0.49  Blu/Ib/^'F 

Heat  of  vaporization  248  Btu,4b 

Heat  of  cmnbustion 457.5  kg  cal/gm  mol 

1 1,280  Btu/lb 

Thermal  conductivity  ( at  23 . 5®C ) 440  cal/sec  cm“C 


Flash  point,  T O C.,  ®C 67  (153°F) 

Ignition  temperature,  ®C 445  (833®F) 

Flammability  limits  in  air 

lower  2.2  vol  % 

upper  15.2vol% 

Dielectric  constant,  25 ®C 36.71 

Dipole  moment,  20®C 3.82  Debye  Units 

Hygroscopicity,  30^C  (300  hrs  (»  50%  RH) 34%  gain 

Relative  evaporation  rate  (butyl  acetate  = 100)  ...  17 

Solubility  parameter 12.1 

Ionization  constant  ((»  20®C)  10  ** 

Azeotropes: 

DMF  ( 1 8.7  wt  % ) , p-xylene  (81.3%) 1 35.  r C at  760mm 

DMF  (69  wt  % ),  formic  acid  ( 3 1 wt  % ) , 162.4®C  at  760mm 

DMF  (7  wt  % ).  tetrachlorethylene  (93.0  wt  %)....  1 17.5«C  at  730mm 


(continueci) 
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Table  14.100:  (continued) 


Evaporation  Rate 


Atmospheric  conditions  . . . 
% Evaporation 


Time,  Hours 


0 

20 

40 

60 

80 

100 


0 

8 

16 

26 

34 

44 


Heat  of  Mixing  DM F -Water  . . , 


Temp  30“C  . . . 

Wt  % DMF  In  Aqueous  Solution  Btu/lb  DMF 


5 89 

10 82.5 

15 75 

20  73.5 

25 70 

30 66 

35 64 


Flash  and  Fire  Point  of  DMF  Water  Solutions  . . . 


Composition,  OMF-HzO 
Mixture— DMF  % by  Wt 

Flash  Point 
•F 

Fire  Point 
-F 

100 

145 

150 

90 

165 

170 

70 

215 

230 

65 

210 

225 

60 

none 

none 

50 

none 

none 

Table  14.101:  Surface  Tension  and  Density  of  DMF-Water  Mixtures  (11) 


75.00 

70.00 

65.00 

60.00 

55.00 

50.00 

45.00 
4000 
3S00 


0 10  20  30  40  50  60  70  80  90  100 

MotE  % our 


SURFACE  TENSION  (DYNES/CM.) 


Table  14.102:  Semi-Ouantitative  Solubilities  of  Inorganic  Materials  in  DMF  at  25°C  (11) 


Salt 

Solubility 
g/lOOg  DMF 

Salt 

Solubility 
g/lOOg  DMF 

AgBr 

0.03 

LiH 

0.7 

AgCI 

0.01 

MgCI: 

moderate 

Agl 

0.04 

MgSO, 

0.13“ 

AlClj 

reaction 

MnCI?  •4H:0 

15 

AI(N0i)j*9H20 

20 

NaB(OCH)), 

77.8 

Be(NOj)7 . 3H,0 

20 

NaBH« 

25.5“ 

CaCI? 

Approx.  0.5 

NaCHO, 

0.03 

CaFz 

0.05 

NaCjHjO? . 3H?0 

1.5 

Ca(NO,)7 . 4H,0 

20 

NaCI 

0.05 

CaSO*  • 2H?0 

1.2” 

NaCN 

0.76 

Cd(N03)i 

20 

NaCNO 

0.05 

Co(C?H,Oi)i  • AHjO 

20 

NaCNS 

29.2 

CoCI;  • 6HjO 

20 

NaiCOi 

0.05 

Co(NO,)?  • 6H2O 

20 

Na:Cr?0;  • 2H?0 

20 

C0SO4  • 7HzO 

slight 

NarFe(CN)»(NO)*  2H2O 

25 

CrCh  . 6HiO 

40 

NajHPO* 

0.05 

Cu(C?H,0?)? 

slight 

Nal 

14.4 

CuCl?  • 2H?0 

15 

NalOi 

0.05 

Cu(N0j)?.3H20 

20 

NaNOz 

2.0* 

CuSO* 

1.8 

NaNOi 

15.4 

FeCb 

20 

NaPO, 

0.05 

Fe(NO,)i  • 6H2O 

20 

NajSjOi 

0.08 

FeSO*  • 7H,0 

slight 

NH*Br 

12.7” 

HgCb 

25 

NH4C2Hj02 

0.1 

h 

25 

NH*C1 

0.1 

KBH« 

1.2 

NH4CNS 

15.2 

KCiHiO? 

0.09 

(NH4),COj 

0.04 

KCI 

0,05 

NH4NO, 

55.1 

KCN 

0.22 

Nidi  • 6H2O 

5 

KCNO 

0.12 

Ni(N0i>«6H20 

20 

KCNS 

18.2 

PtKCiHjO,), . 3H,0 

1.5 

K3Fe(CN), 

0.05 

Pb(HC02> 

0.1 

Kl 

25 

PbO 

0.3 

KMnO* 

reaction 

PbS 

0.15 

KNO2 

0.7»** 

PbS04 

0.1 

KNOj 

1.5 

*Urea  increases  solubility: 

KOH 

0.1 

4.7g  NaNO;  with  4. fig  urea 

LiBH. 

3.5*< 

8.1g  NaNOi  with  9.3g  urea 

LICI 

11.40 

3.7g  KNOi  with  7.5g  urea 

Ceilulosic  Cellulose  nitrate  S 

Cellulose  acetate  S 

Cellulose  acetate  butyrate  S 

Cellulose  acetate  propionate  S 

Cellulose  triacetate  PS 

Ethyl  cellulose  S 

Cyanoethylated  cellulose  S 

Chlorinated  Polyether  ("Penton"— Hercules  Powder)  I 

Nylon  (polyamides)  Types  6/6,  6,  6/10  I 

Type  8 (Belding-Corticelli  Industries,  B.C.I.)  S 

Polyethylene  I 

Polypropylene  I 

Polycarbonate  ("Lexan"— General  Electric  Company)  PS 

Fluorocarbons  Polytetrafiuoroethyiene  (“Teflon"*)  I 

Styrene  Polystyrene  S 

Styrene-acrylonitrile  copolymer  (Tyril  767—Dow)  S 

Vinyl  Polymers 

and  Copolymers  Polyvinyl  chloride S 

Polyvinylchloride-acetate  S 

Polyvinyl  alcohol  S 

Polyvinyl  butyral  (“Butacite"*-“DuPont)  S 

Vinylidene  chloride/vinyl  chloride  copolymer 
(Geon  200  x 20)  S 

Vinylidene  chloride/vinyl  chloride  copolymer 
(Saran  B-115)  1 

Polyvinyl  acetate  S 

Polyvinyl  formal  S 

Polyvinyl  fluoride  S 

Polyesters  Saturated  (“Mylar"  •) ! 

Alkyd  S 

Phenolic  Phenol-formaldehyde  pure  resin  S 

Ester  gum  modified  phenol-formaldehyde  S 

Urea  formaldehyde  I 

Thiourea  formaldehyde  S 

Coumarone  Coumarone-indene S 

Natural  Garnet  shellac  S 

Orange  shellac PS 

Ester  gum  S 

Kauri  gum S 

Manila  copal  S 

Esterified  Congo  copal  I 

Wood  resin  S 

Oamar I 

Soft  albino  asphalt  PS 

Epoxy  (cured)  1 

Polyurethanes  S 


(continued) 


Amines 
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Table  14.102:  (continued) 

Polymer  Solvent 

The  principal  use  of  DM F it  as  a solvent  in  the  spinning  of  acrylic  and  polyurethane  fibres.  This 
is  a specialised  outlet  but  illustrates  the  solvent  power  of  DMF  for  polymers  of  high  molecular 
weight. 

Various  polymers  which  are  soluble  in  OMF  together  with  some  which  are  insoluble  are  shown 
in  the  following  lists: 

So/ubh 

polyecrvlonitrife 
polyurethanes 
polymethylmethacrylate 
cellulose  acetate 
cellulose  nitrate 
cellulose  acetate  butyrate 
athylcellulose 
cyanoathylated  cellulose 
polystyrene 
polyvinyl  chloride 
polyvinyl  alcohol 
polyvinyl  acetate 
alkyds 

phenol’formaldehyde  resins 
coumarone’indene  resins 
shellac 
aster  gum 
kauri  gum 

Not  only  does  OMF  allow  many  polymers  of  sparing  solubility  to  be  brought  into  solution  at 
economical  concentrations,  but  when  used  either  alone  or  as  a booster  solvent  it  yields  solutions 
with  lower  viscosities  and  higher  solids  content  than  can  be  obtained  with  other  solvents.  It 
is  therefore  suggested  as  an  attractive  solvent  for  use  in  the  formulation  of  protective  coatings 
and  films,  adhesives,  and  printing  inks. 


Insoluble 
polyethylene 
polypropylene 
polytetrafluoroethylane 
saturated  polyeeters 
urea -formaldehyde  retina 
natural  rubber 
butyl  rubber 

styrene-butadiene  rubber 
nylon  66,  6.  and  610 


Reaction  Solvent  and  Catalyst 

The  use  of  DMF  alone  or  as  a component  of  a solvent  system  confers  a number  of  advantages, 
the  relative  importance  of  which  depends  upon  the  particular  application,  but  the  following 
may  be  specially  noted : 

(a)  its  high  solvent  power  can  increase  the  effective  concentration  of  one  of  the  reacting  species; 
(P)  it  has  a high  dielectric  constant ; 


Table  14.103:  Dimethylacetamide  (11) 


DMAC 


PHYSICAL  PROPERTIES  OF  DIMETHYLACETAMIDE: 


Formula CH,CN(CH3)2 

Molecular  weight 87.12 

Boiling  point 165. 5®C 

Vapor  pressure  at  25®C 1.3  mm 

Freezing  point — 20®C 

Specific  gravity  (15.5®C) 0.9448 

Pounds  per  gallon  (15.5®C) 7.87 

Viscosity  (25®) 0.92  cp 


Refractive  index 1.4356 

Dielectric  constant 37.8 

Dipole  moment  (in  dioxane) 3.79 

Flash  point  (Tag  Op)en  Cup) 70®C 

Thermal  conductivity  (22.2®C) 416  x 10“*cal/scc/cm/®C 

Specific  heat  (liquid,  0 to  87®C) 0.485  BTU/lb®F 

Heat  of  vaporization  at  165®C  (cal’d) 10,360  cal/g  mol 

Heat  of  combustion  (20®C) 608  k cal/g  mol 

Flammability  limits  in  air  at  740  mm  Hg  and  160°C 


Lower 2.0%  by  vol 

Upper 11.5%  by  vol 


(continued) 
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Table  14.103:  (continued) 


Vapor  pressure: 


T»mp«ratwr«, 

25 

40 

70 

90 

no 

130 

150 

165.5 


PrMSura,  mm  Hg 

1.3 

3.4 
18 
46 

108 

230 

460 

758 


Azeotrop>e  — 

DMAC  (77.2  wt  %)— acetic  acid  (21.1  wt  %)— I70.8“C  at  760  mm 


Solubility — Completely  miscible  with  water,  ethers,  esters,  ketones,  and  aromatic 
compounds.  Unsaturatcd  aliphatics  are  highly  soluble,  but  saturated  aliphatics 
have  limited  solubility. 


Iso-octane 

Di-isobutylene 

N-hexane 

N-Heptane 

Cyclohexane 

Cyclohexene 

Kerosene 


Solubility  at  IS^C 
g/IOOgDMAC 

33 

Compl  Misc 

((  u 

31 

Compl  Misc 

u u 

16 


Table  14.104:  Viscosities  of  Resins  in  DMAC  (11) 


Viscosities  of  Surface  Coating  Resins  in  DMAC 


Viscosity  at  25’*  Q 15  wt  % 
SoLution~cps 

Acrylic  Resins 

Acryloid*'*’  A-21"** 

23 

A-107<'‘» 

23 

20 

Lucite*“^‘  44 

26 

45 

38 

46 

30 

Expoxy  Resins 

Epon»‘-  1001 

5^ 

1002 

6 

1004 

7 

1007 

10 

Cellulosic  Resins 

Half-Sec.  Butyrate 

555 

EAB-500-1'*’ 

550 

EAB-171-2“» 

1275 

Urea-Formaldehyde  Resins 

Uformite»'*‘  F-222'^* 

I 20 

Melamine-Formaldekyde  Resin 

MM-55 

1 18 

Viscosities  of  Vinyl  Resins  in  DMAC 


Viscosity  at  25^C,  15  wt  % 
resin  in  50/50  Solvent/ 
Tbluene,  cps 

52 

VAGH'** 

53 

VMCH‘«’ 

48 

Geon«‘*“  121 

230 

Geon«‘“>  101 

3800 

Viscosities  of  Nitrocellulose  Solutions  in  DMAC 


Viscosity  at  25**C,  8wt% 
resin  in  Solvent^  cps 

HB-14  Nitrocellulose 

18 

(&)— Rohm  ftnd  Hau  Company 

(b) — Reduced  to  5 wt  % aolida  with  DMAC 

(c) — E.  I.  du  Pont  de  Nemours  A Co.  (Inc.) 

(d) — Shell  (^emical  Corporation 

(e) ^Elaatman  (Chemical  Products,  Inc. 

(f) -Reduced  to  30  wt  % aolids  with  DMAC 
(S)— Union  (Carbide  Chemicab  0>mpany 
(h)— B.  P.  Goodrich  Chemicals  Company 
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Table  14.105:  1-Formylpiperldine  (78) 


\_/ 


1 -Formylpiperidine,  an  amide  solvent,  is  a stable,  highly  ordered,  dipolar  aprotic  liquid  having  a high 
boiling  point  and  wide  liquid  range  (“30.6°  to  222°C),  making  this  a favorable  solvent  for  nonvolatile 
applications  in  gas  absorption  processes,  ink  and  dye  systems,  and  plastics  modifiers  and  stabilizers. 
1-FormyIpiperidine  is  a strong  solvent  for  both  polar  and  nonpolar  compounds.  It  is  unusual  for  its  sol- 
ubility in  both  water  and  hexane.  It  is  miscible  with  acyclic  alkanes  (C^  and  below),  cycloalkanes, 
alcohols,  esters,  ketones,  aldehydes,  amines,  carboxylic  acids  and  hydrides,  amides,  alkyl  halides 
beyond  stearates,  ethers,  olefins,  nitriles,  nitrocompounds,  heterocycllcs,  aromotics,  organo* 

phosphorus  compounds,  alkynes,  organotin  compounds,  organosilicates  and  Inorganic  odds.  The  high 
solubility  of  many  polymers  in  1 -formyl  pi  peri  dine  is  of  particular  significance.  1 -Formylpiperidine  Is 
a reactive  solvent  reacting  at  the  carbonyl  center  and  at  the  amide  nitrogen. 


Molecular  Formula 

QH„NO 

Molecular  Weight 

113.16 

Density 

1.02  g/ml  (8.51  Ib/gal) 

Index  of  Refraction  (25.0°C) 

1.4823 

Freezing  Point 

-30.6"C 

Boiling  Point 

222"C 

Vapor  Pressure 

25'’C 

0.1  mm  Hg  (0.002  Ib/in^  0.0001 

100°C 

14  mm  Hg  (0.27  Ib/in^,  0.02  atm] 

Heat  of  Vaporization  (AHvap) 

16.5  kcai/mol  (262  Btu/lb) 

Heat  of  Fusion  (AHf) 

2.2  kcal/mol  (35  Btu/lb) 

Heat  of  Sublimation  (AHsub) 

1B.7  kcal/mol  (297  Btu/lb) 

Entropy  of  Vaporization  (ASvap) 

33.4  cal/7mol 

Molar  Freezing  Point  Depression  Constant 

5.7°C/mol 

Corrosion  of  Metals  at  222"*C 

Mild  Steel 

0.3  X 10"^  in/yr 

Brass 

3.2  X 10^  in/yr 

Copper 

5.2  X 10'^  in/yr 

Hydroscoptcity  (23“C,  100%  RH, 

0.16%  weight  gain/hour 

exposed  surface  area/volume  = 1 .67  cm”'} 

(nearly  linear  to  100  hr) 

Solubilities  of  Gases  <g/100  g,  23°C,  1 atm) 

Ammonia 

1.1 

1 ,3-Butadiene 

12.9 

1-Butene 

6.B 

Carbon  Dioxide 

0.8 

Methyl  Chloride 

12.9 

Ethane 

0,2 

Methane 

less  than  0.1 

Solubilities  of  Inorganic  Solids  lg/100  g.  23°C) 

Aluminum  Chloride 

Reacts 

Potassium  Acetate 

0.51 

Potassium  Cyanide 

0.06 

Potassium  Iodide 

18.9 

Potassium  Permanganate 

Reacts 

Sodium  Chloride 

0.08 

Ammonium  Bromide 

2.4 

Sodium  Iodide 

17.1 

Sodium  Hydroxide 

0.02 

Toxicity 

LD|o  in  rats  and  mice  (C5) 

^^1,100  mg/kg  of  body  weight 

(continued) 
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Table  14.105;  (continued) 


I-FORMYLPIPERIDINE,  WATER,  CYCLOHEXANE 
Qt  25°C,  ! ATMOSPHERE 


CLAUSIUS -CLAPEYRON  PLOT 
VAPOR  PRESSURE  I - PORMYLPIPERIDINE 


220 
210 
200 
190 

_ 180 
^ 170 

160 
Ui 

a 150 
K 140 

£ 130 

^ 120 
u MO 
^ 100 
90 
80 

0 10  20  30  40  50  60  70  80  90  100 

WEIGHT  PER  CENT  WATER 


FREEZING  POINT-COMPOSITION  DIAGRAM  FOR 


LIQUID-VAPOR  COMPOSITION  DIAGRAM  FOR  THE 


THE  l-FORMYLPIPERIDINE,  WATER  SYSTEM 


I-  FORMYLPIPERIDINE  , WATER  SYSTEM 
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NITRILES 

Table  14.106:  n-Butyronitrlle  (19) 


CH3CH2CH2C=N 

n-Butyroni  fn  le  is  a clear,  colorless  liquid  which  is  slightly  soluble  in  water  and  completely 
miscible  with  common  organic  solvents.  The  product  undergoes  reactions  typical  of  the  ali- 
phatic nitriles. 


Physical  Properties 


Molecular  weight 

69.10 

Specific  gravity,  20/20®C 

0.7920 

Bolling  point,  760  mm 

117. 5 *C 

50  mm 

U3*c 

10  mm 

13^*0 

Vapor  pressure,  20 

15  mm 

Freezing  point 

-111.90^*0 

Solubility,  In  water,  20®C 

3.5^  by  wt. 

water  In,  20 

2.5>  by  wt. 

Viscosity,  0*C 

0.8  cpe. 

20*C 

0.6  cpe. 

Uo^c 

0.5  cpe. 

Refractive  Index,  n^ 
D 

1.3841 

Weight  per  gallon,  20 *C 

6.60  Iba. 

Flash  point 

79  *F 

Shipping  Data 

Net  Container  Contents ; 

l-gallon  tin  can 

6.5  lbs. 

5-gallon  Iron  drum 

30  Iba. 

55-gallon  iron  drum 

360  Iba. 

Typical  Analysis  of  Current 

Production 

Specific  gravity 

0.7907 

Distillation,  IBP 

115.7  c 

50  ml 

117. 6"C 

•DP 

118. 4^*0 

n-Butyronltrlle 

98.9^  by  wt 

Water 

0.095^  by  wt, 

Alkalinity 

0.22  meq/gm 

Color 

5 Pt-Co 

HETEROCYCLIC  COMPOUNDS 
Table  14.107:  Pyrrole  (49) 


H 


CH(3) 


n 


( 5)  HC  CH(2) 

H 

(U 


Appeoronc* Colorless  liquid,  dodccns  on  standing  Froexing  Point* 

Odor Mild,  nonirritotin^  Specific  Grovity,  20/4®C.*  . . , 

Molecular  Weight 67.09  Refroction,  n20/D* . . . 

Boiling  Point* 129®C.  (264®F.)  ot  760  mm.  Point  (Tog  closed  cup) , . 

Modified  Reid  Vapor  Pressure*. 


. . -24®C.  (-1 1®F.) 

0.968 

1.5095 

. . .39®C.  (102®F.) 
.0.25p.».i.  (i0.05) 


'Deteffflined  on  purified  pyrrole 


Table  14.108:  2-Pyrrolldone  (49) 


Table  14.109:  Phase  Diagram  for  2-Pyrrolidone-Water  (49) 


CHEMICAL 

STRUCTURE 


PHYSICAL 

PROPERTIES* 


2-PYROL®: 


H,C- 

I 

H,C 


-CH, 

1 

C-0 


I 

H 

2-pyrrolidone 
Molecular  Weight  85 


Physical  Characteristics  of  2-PYROL: 


Physical  State 

Boiling  Point  at  760  mm  . . . 
Boiling  Point  at  400  mm  . . . 
Boiling  Point  at  200  mm  . . . 
Boiling  Point  at  100  mm  . . . 
Boiling  Point  at  60  mm  . . , 
Boiling  Point  at  40  mm  . . . 
Boiling  Point  at  20  mm... 
Boiling  Point  at  10  mm  . . . 

Density  at  25‘^C 

Density  at  SO'^C  

Density  at  75“  C 

Density  at  100°C  

Density  at  125°C  

Density  at  150°  C 

Density  at  175°  C 

Viscosity  at  25°  C 

Refractive  Index  n^^> 

Flash  Point  (open  cup)  , . . . 

Fire  Point  

pH  (10%  aqueous  solution) 


Mole  Percent  Pyrrolidone 


Liquid 
245°  C 
226°  C 
202°  C 
181° 
170° 
155° 
138° 
122° 


’C 


1.107  g/ml 
1.087  g/ml 
1 067  g/ml 
1.046  g/ml 
1 .025  g/ml 
1.005  g/ml 
0.985  g/ml 
I2.0csor13.3cp 
1.486 

129.4°C  (265°F) 
145°C  (293°  F) 

8 10 


O 


o 

CL 


20  40  60  80  100 


^ Mole  Percent  Water 

As  shipped,  2-PYROL  meets  a specification  of  98.5%  minimum  purity.  0.5% 
maximum  moisture. 


Solubility:  2-PYROL  is  completely  soluble  in 

water  chloroform  ethyl  acetate 

ethyl  alcohol  benzene  carbon  disulfide 

ethyl  ether 

Dissolves  polymers 
chlordane 
DDT 

d-sorbitol 

glycerine 

iodine 

sugars 

'These  data  are  typical  ot  current  productiori  but  are  not  spectfications 


Amines 
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Table  14.110:  N-^Methyl-2-Pyrrolldone  (49) 


Structural  Formula 


M-PYROL 


Empirical  Formula 


CcHgNO 


CGS 

ENGLISH 

Molecular  Weight  I 

1 99.1  1 

1 99.1 

Purity  (N-methyl-2-pyrrolidone,  area%  VPC) 


Physical  form 


Moisture  Content 


Density  - Liquid 


Bolling  Point 


@ 760mm 
@ 162mm 
@ 24mm 


Freezing  Point 


Viscosity 


Specific  Gravity  (d  %) 

@ 75X 
@ 100X 


Interfacial  Surface  Tension  (25®C) 


Flash  Point  (ASTM  D 93-72) 


Heat  of  Vaporization  — 100®C 


Specific  Heat  - Liquid  (OX) 

(SOX) 

(100X) 


Specific  Heat  - Vapor  (25X) 


Vapor  Pressure  - 


Refractive  Index 


Heat  of  Combustion 


Dipole  Moment 


Dielectric  Constant  (25*’C) 


Ignition  Temperance  (ASTM  D 286-58  T) 


Flammable  Limits  In  Air  Upper 


Lower 


Thermal  Conductivity  (25X) 


Hansen  Solubility  parameters: 


99.8%  min 


liquid  with 


0.05%  max 


1 .03  gm/cc 
1 .02  gm/cc 
0.99  gm/cc 


202X 

150X 

100X 


-29.4X 


.027 

.987 

.969 


40.7  dynes/cm 


93X 


127.3  K cal/kg 


0.401  cal/g-X 
0.465  cal/g-X 
0.502  cal/g-X 


0.301  cal/g-X 


1 .0  Torr 

3.5  Torr 

9.5  Torr 


1.4700 


7.29  kcal/g 


4.09  ± 0.04  Debye 


32.2 


270X 


9.5  vol  % 


1.3  vol.% 


1.33W/cm-X 


Kauri-Butanol  Value  (ASTM  D1 138-83) 


5d  8.8  {ca\/cmT 


8p  6.0  {caUcmT 


5h3.5  (cal/cm  )^' 


5t11.2  (cal/cm  )’" 


>300 


mild  amine-like  odor 


0.05%  max 


64.3 

63.6 

61.8 


395X 

302X 

212X 


-11. 9X 


4.11  Ib/ft-hr 
2.41  Ib/ft-hr 
2.17  Ib/ft-hr 


199°F 


230  BTU/lb 


0,401  BTU/lb-°F 
0.465  BTU/lb-X 
0.502  BTU/lb-°F 


0.301  BTU/Ib-X 


1.4700 


13.100  BTU/lb 


518"F 


9.5  vol.  % 


1.3  vol.% 


Table  14.111;  Acute  Oral  Toxicity  (49) 

M-Pyrol  shows  a low  order  of  oral  toxicity  for  each  of  the  species  investigated. 


Amines 
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LD, 

Species 

Refeience 

4.1  g/kg 

Mouse 

(1) 

7.5  g/kg 

Mouse 

(2) 

4.2  g/kg 

Rat 

(3) 

3.8  ml/kg 

Rat 

(2) 

3.5  ml/kg 

Rat 

(4) 

4.4  g/kg 

Guinea  Pig 

(5) 

3.5  g/kg 

Rabbit 

(5) 

2.5-5.0  g/kg 

Bobwhite  Quail 

(6) 

Table  14.112:  Acute  Dermal  Toxicity  (49) 

M-Pyrol  Is  readily  absorbed  through  the  skin  and  shows  dermal  toxicity  of  approximately  the  same  magnitude  as 
oral  toxicity. 


LD^ 

Species 

Reference 

7.0  g/kg 

Rat 

(1) 

5-10  g/kg 

Rat 

(8) 

4-8  g/kg 

Rabbit 

(6) 

2-4  g/kg 

Rabbit  (abraded  skin) 

(6) 

Table  14.113:  Injection  Toxicity  (49) 

As  might  be  expected,  M-Pyrol  is  slightly  more  toxic  by  injection  than  by  the  other  modes  of  application. 
Differences,  however,  are  generally  small  so  that  toxicity  is  still  low. 


Injection  mode 

LD» 

Species 

Reference 

Intraperitoneal 

4.3  ml/kg 

Mouse 

(2) 

Intraperitoneal 

1.9  ml/kg 

Mouse 

(4) 

Intraperitoneal 

2.4  ml/kg 

Rat 

(2) 

Intravenous 

3.5  ml/kg 

Mouse 

(2) 

Intravenous 

2.4  ml/kg 

Rai 

(2) 

Intravenous  injection  of  M-Pyrol  in  rats  was  studied,  monitoring  arteriai  blood  pressure,  blood  glucose  levels  and 
electrocardiograms.  Doses  of  50  mg/kg  produced  a slight  and  short-lived  hypotension  without  altering  the  ECG; 
hyperglycemia  was  observed  at  the  higher  dosage  only.  At  500  mg/kg,  hypotension,  hyperglycemia,  and  ECG 
alterations  were  all  produced. 


Table  14.114;  Toxicity  to  Aqueous  Organisms  (49) 

M-Pyrol  shows  low  toxicity  for  all  of  the  aquatic  animals  tested. 


Species 

Reference 

0.8  ml /I 

Sunfish 

16) 

1.1  ml/1 

Fathead  Minnow 

(6) 

3.0  ml/1 

Trout 

(6) 

1.3  mI/1 

Guppy 

(1) 

4.9  ml/1 

Daphnia 

(6) 

4.7  ml/1 

Scud 

(6) 

1.6  ml/1 

Mud  Crab 

(6) 

1.1  ml/1 

Grass  Shrimp 

(6) 

Wilvc  Ixngth  (microns) 


Table  14.116:  Specific  Heat  (49) 


_ — ^ ^ ^ 

Effect  of  Tcmpcralurc  on  Specific  Heat 

i . . . ^ 

of  Anhydrous  .M-PYROL. 

The  Line  Equation:  C.  = 0.1244  + 1.011X10  ' • T 

C.  in  cal/gram  X C 

T in  ’K 

i ^ ^ : 

1 : 
1 ^ 

j 

i 

i 


Table  14.117:  Thermal  Conductivity  (49) 


0 50  100  150  200  250  300  350  400 


Test  Temperature  ("F) 


20  40  60  70  100 

Temperature  (X) 


Tcmperaiure  (®C) 


Freezing  Point  (“C) 


Table  14.121:  Freezing  Point  Curve  (49) 


100  90  80  70  60  SO  40  Solvent  (wt%) 

0 10  20  , 30  40  50  60  Water  (wi%) 

• Virtanen,  P.O.I.  and  Korpela,  J.  Suomen  Kemisirilehti  840:99-103  (1967); 

Virtanen,  P.O.I.  rW  8-40:241-9  (1967);  ibid  840:313-16  (1967) 


Absolute  Viscosity  (cps) 


Table  14.122;  Viscosity  of  Anhydrous  M-Pyrol  (49) 


Temperature  ("C) 


786  Industrial  Solvents  Handbook 


Viscosity  of  Mixture  (cps,  25 “C) 


Table  14.123:  Viscosity  of  Aqueous  M-Pyrol  (49) 


0 lO  20  30  40  50  60  ‘TO  80  90  lOO 

Water  (wt%  in  mixture) 


Table  14.124:  Vapor/Liquid  Equilibrium  Data  for  M-Pyroi-Water 
System  at  Atmospheric  and  400  mg  Pressures  (49) 


Mole-% 

M-PYROL® 

Weight-%  M-PYROL® 

Boiling  Pt,  C 

Pressure,  mm 

Liquid 

Vapor 

Liquid 

Vapor 

2o: 

*757,2 

99.6 

95.7 

99.9 

99.2 

190 

■?6I  8 

95.9 

70.8 

99.2 

93.0 

186 

758,2 

96.7 

68.6 

99.4 

9.23 

135 

757.2 

72.4 

10.0 

93.5 

37.9 

108 

755.5 

34.7 

1.9 

74.5 

9.5 

102 

756.0 

17.4 

1.0 

53,7 

5.3 

168 

400.0 

97.6 

77.1 

99.6 

94.9 

165 

399.0 

97.3 

68.1 

99.5 

92.1 

162 

400.4 

96.6 

63.8 

99.4 

90.6 

Boiling  Temperature  (°C) 


Table  14.125:  Vapor/Liquid  Equilibrium  of  M-Pyroi-Water  Systems  (49) 


0 


25 


50 

M-PYROL®  (mole  %) 


Amines 


-YSIS  (%) 
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Table  14.127:  Comparison  of  Hydrolysis  of  M-Pyrol  and  DMF  (49) 


Reagent 

Time, 

Hours 

Temp^ 

X 

Cone, 

M-PYROL® 

mol/1 

DMF 

Hydrolysis,  % 

0 5N  NaOH 

24 

R.T. 

0.40 

0 

0 

0.5N  NaOH 

24 

R.T 

0 

0.39 

90.4 

0.5N  H,SO, 

24 

R.T. 

0.45 

0 

0 

0.5N  H,S04 

24 

R.T. 

0 

0.42 

0 

0.25N  NaOH 

1 

80 

0.21 

0 

5.4 

0.25N  NaOH 

1 

80 

0 

0.22 

100 

Table  14.129:  Hygroscopicity  Data  (49) 


Time  (hours) 

Note:  Dynamic  tests  conducted  in  humidity  cabinet  having  complete  change  of  atmosphere 
every  3 minutes.  Surface  area  to  weight  ratios  of  large  Petri  dish»  small  Petri  dish,  and  vial 
were  17.0,  2.4,  and  0.25,  respectively. 


Table  14.128:  Hydrolysis  of  M-Pyrol  in  Alkaline  Salt  Solutions  (49) 


.Alkaline  Salt 

pH  1%  Solution 

% Hydrolysis 

Sodium  tripolyphosphaie 

9.7 

0.3 

Potassium  pyrophosphate 

10.1 

0.5 

Sodium  carbonate 

11.4 

1.5 

Trisodium  phosphate 

12.0 

4,7 

Sodium  metasilicate 

12.6 

18.3 

Sodium  hydroxide 

13.2 

39.7 

Table  14.130:  Hygroscopicity  Data  (49) 
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Table  14.131:  Hygroscopicity  Data  (49) 


Table  14.132:  Effect  of  Temperature  on 
Hygroscopicity  (49) 


Table  14.133:  Correlation  of  M-Pyrol  and 
Water  Vapor  Data  (49) 


-1.4  -1.2  -1.0  -0.8  -0.6  -0.4  -0.2  0 

Log  X/Log  Vapor  Pressure  Water  (mm  Hg) 


LogipX 

T 
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Table  14.134:  Vapor/Liquid  Equilibrium  of  M-Pyrol  Containing  1%  Water  (49) 


«#! 


8. 

ed 

> 

E 

3 

c 

rO 

’5 

s 


o 

ct 

> 

Ou 


10  f>0  100  500 


Equilibrium  Natural  Gas  Pressure  (psia) 


Natural  Gas 

Composition 

Temperature 

Vapor  Composition 

(mole  %) 

(F) 

psia 

(mole  % Solvent) 

Nj 

4.35 

100 

765 

0.0050 

CH^ 

90.04 

100 

797 

0.0046 

QH, 

3.30 

100 

560 

0.0045 

COj 

1.84 

100 

435 

0.0048 

C3 

0.47 

100 

417 

0.0058 

100 

190 

0.0086 

100 

50 

0.0168 

100 

14.7 

0.095* 

♦Calculated  from  0.76  mm  Hg  vapor  pressure. 


Table  14.135:  Solubility  of  Acetylene  in  Various  Solvents  (49) 


Solvent 

K Value  (20  'C  1 atm) 
ml  gas  / ml  solvent 

Solvent 

B.  P.  C 

M-PYROL* 

43 

202 

Dimethyl  form  amide 

36 

153 

Dioxane 

19.5 

101 

Acetone 

17.5 

56.5 

BLO 

17 

204 

Cyclohexanone 

14 

155 

Solubility  (ml  vapor  at  O^C  and  760  mm  per  gram 
M-PYROL®  Solvent  per  atm  partial  pressure) 


Table  14.136:  Solubility  of  Sulfur  Compounds  and  Carbon  Dioxide  Tal 

in  M-Pyrol  Solvent  (49) 


Solubility  (ml  vapor  at  0“C  and  760  mm  per  gram 
M-PYROL®  Solvent  per  atm  partial  pressure) 


14.137:  Solubility  of  Paraffin  Hydrocarbons 
In  M-Pyrol  Solvent  (49) 
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Y/X  at  1 Atm  I Y = Mole  Fraction  in  Vapor  Phase 
j X = Mole  Fraction  in  Liquid  Phase 


Table  14.138:  Vapor-LIquId  Equilibrium  Distribution  Coefficients 
for  Sulfur  Compounds  and  Carbon  Dioxide  in 
M-Pyrol  Solvent  (49) 


50  1 00  200  300  4(*> 

Tetnocnmirc 
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#3 


n 

« 


2 

c 
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I- 
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eri  ® 
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o S <0 
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7 (9  >» 
a £ CL 

S u 2 

i;  1-  ^ 

55  = 


£ 

« 


0.05 


0.1 


0.5  1 5 10 

Fugacity  Function  {atm)  at  1 Atm 


50 


100 


Solubility 


Table  14.143:  Solubilities  of  DIolefins  in  Anhydrous  M-Pyrol  Solvent  (49) 


Table  14.142:  Solubilities  of  Carbon  Monoxide  and  Olefins 
In  Anhydrous  M-Pyrol  Solvent  (49) 


24  26  28  30  32  34  36 


10^ 

Temperature  (“K) 


10^ 


Temperature  (“K) 
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Table  14.144:  Solubilities  of  Acetylenes  in  Anhydrous  M-Pyrol 
Solvent  (49) 


Solubility 


ml 

Gram  X Atm 


Table  14.145:  Vapor-Liquid  Equilibrium  Distribution  Coefficients 
for  Olefins  and  Carbon  Monoxide  In  M-Pyrol 
Solvent  (49) 


Carbon  Monoxide  (Solvent  contains  ? 


Monoxide  (Anhydrous  M-I'YROL*  Solvent) 


Note:  Expcnmental  points  in  ( ) indicate 

multicomponent  system. 


796  Industrial  Solvents  Handbook 


Amines  797 


Table  14.146:  Vapor-LIquId  Equilibrium  Distribution  Coefficients  for  DIolefins  In  Anhydrous  M-Pyrol 
Solvent  (49) 


50  100  200  300  400 

Temperature  ("F) 


Table  14.147:  Vapor-LIquId  Equilibrium  Distribution  Coefficients  for  Acetylenes  In  Anhydrous  M-Pyrol 
Solvent  (49) 


0 50  100  200  300  400 


fi.OOO 


1,000 

500 


100 

50 


10 


5 


1 


Temperature  (®F) 


Y/X  at  System  Pressure  and  Temperature 
Y = Mole  Fraction  in  Vapor  Phase 
X = Mole  Fraction  in  Liquid  Phase 


Table  14.148:  Effect  of  Water  (5  wt  %)  In  M-Pyrol  Solvent 
on  Equilibrium  Distribution  Coefficients 
for  Olefins  (49) 


I 5 10  50 

^ _ Fugacity  of  Solute  at  Vapor  Pressure 

^ Fugacity  of  Solute  Vapor  at  System  Pressure 


Y/X  at  System  Pressure  and  Temperature 
Y ~ Mole  Fraction  in  Vapor  Phase 
X = Mole  Fraction  in  Liquid  Phase 


Table  14.149:  Effect  of  Water  (5  wt  %)  In  M-Pyrol  Solvent 
on  Equilibrium  Distribution  Coefficients 
for  DIolefIns  (49) 


_ Fugacity  of  Solute  at  Vapor  Pressure 
^ Fugacity  of  Solute  Vapor  at  System  Pressure 
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Y/X  at  System  Pressure  and  Temperature 
Y = Mole  Fraction  in  Vapor  Phase 
X = Mole  Fraction  in  Liquid  Phase 


Table  14.150:  Effect  of  Water  (5  wt  %)  In  M-Pyrol  Solvent  on 
Equilibrium  Distribution  Coefficient  for 
Methylacetylene  {49) 


Table  14.151:  Effect  of  Water  (5  wt  %)  In  M-Pyrol  Solvent 
on  Equilibrium  Distribution  Coefficient  for 
Acetylene  {49) 


1 5 10  50 


1 5 10  50 


Kf 


Fugacity  of  Solute  at  Vapor  Pressure 

Fugacity  of  Solute  Vapor  at  System  Pressure 


K,= 


Fugacity  of  Solute  at  Vapor  Pressure 

Fugacity  of  Solute  Vapor  at  System  Pressure 


VO 


Amines 


Y/X  at  Equilibrium  Pressure  and  Temperature 
Y “ Mole  Fraction  in  Vapor  Phase 
X = Mole  Fraction  in  Liquid  Phase 


Table  14.152:  Classification  and  Correlation  of  Equilibria  of  Unsaturated  Table  14.153:  Effect  of  Water  and  Elevated  Pressure  on  Solubility 

Hydrocarbons  in  Anhydrous  M-Pyrol  Solvent  (2-10  atm,  of  Hydrogen  Sulfide  In  M-Pyrol  Solvent  (49) 

25”-l50"C  range)  (49) 


0.1  0.5  I 5 10  50  100 


K 


r 


Fugacity  of  Solute  at  Vapor  Pressure 

Fugacity  of  Solute  Vapor  at  System  Pressure 


II  II  II 

o 0_  H 
n n 

-n-n 
3 3 

o o 


r-  < 

I'l 

a. 

?? 


0.1  1 10  100 


Kp 


Fugacity  of  Solute  at  its  Vapor  Pressure 
Fugacity  of  Solute  at  Equilibrium  Pressure 
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Amines 


801 


Table  14.154:  Solubility  of  Polymers  in  M-Pyrol  (49) 


Polymer  Solubility,  %• 

Acrylonilrilc/viny)  chloride  copolymer  >10 

Adiprene  B urethane  rubber  (duPonl)  lO^ 

Black  Ten’an  wax  (Exxon)  >10 

Cellulose  iriacclale  >10 

Chemigion  butadiene/ acrylonitrile  copolymer  (Goodyear)  sol 

Defhn  polyacetal  resin  (duPont)  in  sol 

Epi  Rei  510  epoxy  resin  (Intcrchcmical)  sol 

/V  polyethylene  (Eastman)  insol 

Epon  1000.  1004.  1007  epoxy  resin  (Shell  ) sol 

Estane  5740X1  and  5740X2  polyurethane  (Goodrich)  >10 

Ethyl  Cellulose  N-lOO  (Hercules)  25 

Formvar  polyvinyl  formal  resin  (Monsanto)  5 

Gantrez  AN  methyl vinylether/ maleic  anhydride  copol.  (GAP)  >10 

Geon  101  and  102  polyvinyl  chloride  (Goodrich)  10 

Hycar  OR  butadiene /acrylonitrile  copolymer  (Goodrich)  sol 

polyvinylidene  fluoride  (Pcnnwalt)  sol 

Lexan  polycarbonate  (General  Electric)  10^ 

Mekon  20  wax  (Petrolite)  >10 

Muliraihane  MA-40  and  MB-40  polyurethane  (Mobay)  insol 

Mylar  polyester  Aim  (duPont)  >10 

Nylon  >10 

Pentalyn  M pentaerylhritol  ester  of  resin  (Hercules)  50 

Polyacrylonitrile,  specific  viscosity  2.E  24 

3.1  18 

8.7  10 

31.9  5 

Poly(melhyl  a-chloroacrylate)  >10 

Poly  ( methyl  methacrylate ) >10 

Polybutene  sol 

Polystyrene  25 

Polyester-type  polyurethane  rubber  (Mobay)  (at  80®C)  10 

Polyvinyl  chloride  > 10 

Polyvinyl  pyrrolidone  >10 

Teflon  fluorocarbon  resin  (duPont)  insol 

Vinosol  Ester  Gum  glycol  ester  of  pine  resin  (Hercules)  10 

Vinac  polyvinyl  acetate  (Air  Products)  10 

Vinylite  VYHH.  VMCH,  and  VYNS  VC/VAc  copolymers  (G.  C.)  >10 

Vinylite  NYGL  vinyl  resin  (Union  Carbide)  25 

Vinylite  VYNW  vinyl  chloride  resin  (Union  Carbide)  15 

Zytel  nylon  molding  resin  (duPont)  (at  200°  C)  25 


• ”>10”  shows  that  a lOg  sample  dissolves  in  lOOg  M-PYROL  at  room  temperature;  other 
numbers  indicate  the  solubility  limit  for  pourable  viscosity.  “Sol”  indicates  a qualitative  test 
only,  and  “insol”  indicates  no  solubility  under  test  conditions. 

• Solubility  10%  (room  temperature)  and  25%  (80^C). 

After  24  hours  at  25®C  or  1 hour  at  60“C,  gels. 

® Sp.  Vise,  of  1 g polymer  in  100  ml  M-PYROL  at  room  temp. 
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Table  14.156:  Solubility  In  M-Pyrol  (to  nearest  5%)  at  Room  Temperature  (49; 


Herbicides  2,  4-diclilorophcnoxybu(yric  acid 
buloxycthyl  ester 
butyl  ester 
isooclyl  ester 

isopropyl  N-(3'-clilorophcnyl)  carbamate 
2-mclhyl*-4-chlorophenoxyacctic  acid 
2,  4,  5-lrichlorophcnoxyacclic  acid 
buloxyellioxypropyl  ester 
butyl  ester 
isobutyl  ester 
isooclyl  ester 


25% 

75% 

75% 

>H0% 

>H()% 

>80% 

50% 

75% 

75% 

75% 

75% 


Insecticides  aldrin  (cloudy) 

chlordane 
DDT 
dieidrin 

O,  0-dimelhyl~0-(2,  2-dichlorovinyl)  pfiosphatc 

heptachlor  (cloudy) 

lindane 

malathion 

methyl  parathion 

parathion 

Sevin  (Union  Carbide) 
loxaphene 


30% 

60% 

65% 

35% 

>80% 

30% 

50% 

>80% 

>80% 

80% 

55% 

50% 


(lOO'^C) 


33% 

10% 

10% 


Fungicides  captan 

pentachlorophenol 
phenylmercuric  acetate 


Amines 


803 


Table  14.157:  M-Pyrol  Solvent  Effects  at  Ambient  Temperature  for  7 Days  (49) 


Percent  Change  from  Initial 

Substrate 

Weight 

Length 

Width  Thickness 

Comments 

ABS 

Coupons  fragmented  within  1 hr.  of  immersion 

Buna-N 

66.99 

17.19 

13.47 

22.23 

Note  1 

Butyl  Rubber 

1.37 

0.42 

-1.39 

0.00 

Note  2 

EPDM-70 

4.14 

0.91 

-0.32 

1.56 

Note  1 

Kynar 

-11.72 

3.85 

-2.99 

19.30 

Coupons 

dissolving 

Lexan 

Coupons  completely  dissolved  within  18  hours 

Neoprene 

0.79 

-1.57 

-0.45 

0.00 

Note  1 

Noryl  EN-265 

Coupons  completely  delaminated  within  72  hrs. 

Nylon  101 

-0.59 

-0.16 

-0.19 

4.17 

Note  2 

Polyethylene  - 
Crosslinked 

0.09 

0.07 

0.003 

-0.25 

Note  2 

Polyethylene  -Low 
Density 
Polyethylene  - 

0.39 

0.10 

-0.26 

0.00 

Note  2 

High  Density 

0.15 

0.10 

0.06 

-0.75 

Note  2 

Polypropylene 

0.02 

-0.53 

-0.85 

1.62 

Note  2 

PVC 

Coupons  completely  dissolved  within  24  hrs. 

Silicon  Rubber 

1.09 

0.16 

045 

0.93 

Note  2 

Teflon 

-0.01 

-0.10 

0.00 

-2.65 

Note  2 

Viton 

176.0 

50.28 

56.89 

64.38 

Note  1 

Note  1:  Coupons  discolored,  imbibed  or  continued  to  leach  M-PYROL  up  to  24 

hrs.  after  removal. 

Note  2:  No  visible  effects 



Table  14.158:  M-Pyrol  Solvent  Effects  at  70°C  for  7 Days  (49) 


Percent  Change  from  Initial 

Substrate 

Weight 

Length 

Width 

Thickness 

Comments 

Butyl  Rubber 

6.25 

1.60 

1.44 

0.00 

Note  1 

EPDM-70 

5.88 

0.62 

1.92 

0.00 

Note  1 

Neoprene 

1.71 

-0.42 

0.78 

-2.86 

Note  1 

Nylon  101 

1.65 

0.23 

0.00 

3.03 

Note  2 

Polyethylene  - Crosslinked 

1.40 

0.13 

0.13 

1.24 

Note  2 

Polyethylene  -Low  Density 

1.63 

-0.09 

0.26 

0.00 

Note  2 

Polyethylene  - High  Density 

0.99 

0.20 

-0.32 

-2.70 

Note  2 

Polypropylene 

1.94 

0.30 

0.33 

1.64 

Note  2 

Silicon  Rubber 

2.33 

0.65 

0.00 

2.78 

Note  2 

Teflon 

0.01 

0.30 

-0.06 

0.00 

Note  2 

Note  1:  Coupons  discolored,  imbibed  or  continued 
Note  2:  No  visible  effects 

to  leach  M-PYROL  solvent  up  to  24 

hrs.  after  removal 
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Table  14.159:  Solubility  Parameters  (49) 


Comparison  of  M-PYROL  Solvent  and 
Moderately  Hydrogen-Bonded  Solvents 


I Resin  Solubility  Parameter  Range 

7 8 9 10  11  12  13  14  15 


ACRYLICS 

“Acryloid”  B-72,  acrylic  ester  (Rohm  and  Haas) 
polymethyl  acrylate 

■ 

polyethyl  acrylate 

Dolvbutvl  acrvlate 

polymethyl  methacrylate 

polybutyl  methacrylate 

> 

ALKYDS 

glycerol  alkyd,  45%  soy 

glycprol  alkyri^  30%  <;ny 

— 

glyrprni  fllkyd,  45%  {jnseeci 



Roy  nil 

mmm^ 

-■ 

AMINES 

“tJformite”  MX-61  (Rohm  and  Haas) 

CELLULOSE  DERIVATIVES 
cellulose  acetate 

■ 

"1 

J 

w^mm 

cellulose  butyrate  0.5  sec 

wm 

m 

U 

wm^mm 

■■■ 

cellulose  acetate/butyrate 

mm 

HE 

ethyl  cellulose  N-22  > 

■K 

■ 

1 

ethyl  cellulose  K-200 

1 MU  no  o 

EPOXIES  1 

“Fpnn"  1001  (.9hpll  rhemiral) 

cpon  ^oneii  oneiTiicaij 

""" 

tpon  luu/  ^011011  onsrniCai^ 
"Epon”  1009  (Shell  Chemical) 

“Fnnn”  100^ 

1 

^pwii  i vV/H  L/no  coitri  ^oii“ii  winjiiiu^oi^ 

PHENOLICS 

oo/\  aI\ 

LJUr0Z  ^MOOKGr  OnGiTliCal^ 

UUiGZ  OOU  ^MOOKGi  OnGrTliCol^ 

Meinyion  /o^u^  (uGnGrai  ti6Cinc) 

ROSIN  DERIVATIVES 

“Amberol”  F-7  (Rohm  and  Haas)- ~ 

“Amberol"  801  (Rohm  and  Haas) — > 

- > ■ 

ester  gum  . . ^ 

tmm 

“Vinsol”  (Hercules  Powder) 

VINYLS 

“neon”  1 2 (Hoodrich)  

> ■ 

"Vinylite”  AYAA  (Union  Carbide)  - 

; 1 

“Vinylite”  VAGH  (Union  Carbide) 

“\/in\/|ffe”  VMnH  fllninn  narhirtei—  - - 

— 

i 

vuiyiuw  vivion  ^^luwii  wcnufut;^  1 

“Vinviite”  VYHH  f Union  Carbide^— - 

V II  ly  iiiw  V 1 1 11  1 1 vi  1IVI 1 x>Gii  — 

nniwinvl  hiitvl  ether  - 

> ■ 

pwiyviiiyi  uuiyi  wU  1^1 

nol\^SMn\H  eth^H  ether  

^ "" 

pwiyvinyi  t^iiiyi  guigi 
pnlyyipyl  formal 

> H 

^ ■ 

- > 

7 ■ 

poiysiyrene  - - - 

1 ! 

NOTE:  The  value 
for  M-PYROL 
solvent  d = 1 1 .0  Is 
based  on  a total 
heat  of 

vaporization  of 
12,200  cal/mol, 
reference 
temperature  65'’C. 

The  solubility 
parameters  for 
resins  are  based 
on  figures 
published  by 
Burrell  (1957)  and 
Hughes  and  Britt 
(1961). 

Polystyrene  seems 
to  be  a notable 
exception.  It  is 
: known  to  be 
soluble  in  M- 
PYROL  solvent  yet 
the  reported 
solubility 

parameter  range  is 
only  9.0  ± 0.9 
(Burrell  1957). 


Amines 
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Table  14.160:  Typical  Physical  Properties  of  Pyrrolldone  Solvents  (49) 


NEP® 

CHP® 

HEP® 

Physical  Form 

Liquid 

Liquid 

Liquid 

Molecular  Weight 

113 

167 

129 

Purity,  Area  % GC 

98%  Minimum 

98%  Minimum 

98%  Minimum 

Moisture,  % 

0.5  Maximum 

0.5  Maximum 

0.5  Maximum 

Boiling  Point,  °C 

200 

284 

295 

Freezing  Point,  °C 

<“70 

12 

20 

Viscosity,  cps  25  °C 

3.5 

11.5 

53 

Refractive  Index  @ 25  °C 

1.4664 

1.4950 

1.4951 

Specific  Gravity  @ 25  ®C 

0.993 

1.026 

1.139 

Rash  Point,  Closed  Cup  (°F) 

199 

293 

320 

Heat  of  Vaporization  KCal/mole 

12.7 

12.9 

16 

Solubility,  Parameter 

10.3 

8.7 

11.7 

CAS  Registry  No. 

2687-91-4 

6837-24-7 

3445-11-2 

Chemical  Structure 

Xn/ 

1 

Xn/ 

li 

0=0 

1 

CH^CH, 

11 

0 

I 

CHjCHjOH 

Table  14.161  :Hydrolytlc  Stability  of  Alkyl  Pyrrolidones  (49) 

Pseudo  First  Order  Rate  Constant  for  Acid  Hydrolysis 
of  Selected  One  Molar  Pyrrolidones  In  Aqueous 

One  Molar  HCI  at  lOO^C  pH  0.4  ± 0.1  Base  Hydrolysis.  1 M NaOH.  lOO^C 


Pyirolidone  Solvent 

Pseudo  Firet  Onler 
Rate  Constant 
K X 10«  Sec-’ 

Hydrolysis  Rate 
t^0.S0)  t|^) 

2-PYROL® 

44.7  ± 10 

1.96 

53 

HEP® 

22.3  ± 5 

3,9 

105 

M-PYROL® 

15.2  ± 0.4 

5.8 

156 

NEP® 

7.45  ± 1.2 

11.7 

316 

CHP® 

1.35  ± 0.09 

65 

1745 

Pyirolidone  Solvent 

% Hydrolyzed  in  5 Hours 

HEP® 

64.9 

NEP® 

53.6 

CHP® 

0 

Acid  Hydrolysis  of  CHP  (One  Molar)  In  2.5  Normal  HCI  at  80°C 


Tane  (Days) 

% Hydrolysis 

0 

0 

0.9 

1.24 

2.0 

6.45 

4.3 

13.44 

5 

15.32 

6 

17.92 

8 

22.80 

12 

31.90 

16.2 

40.50 

20 

47.4 

22 

50.8 
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Table  14.162:  CHP/Water  System  (30:70)  Minimum  Critical  Solution  Temperature  as  a Function  of 
Acld/Base  Concentration  (49) 


■ H2S04  # NaOH 


Table  14.163:  Phase  Diagram  CHP  Water  (49)  Table  14.164:  Minimum  Critical  Solution  Temperature 

of  CHP  Water  System  (30:70)  as  a 
Function  of  Acid/Base  Concentration  (49) 


NomuTity  of 
H2S04,pH  < 1 

*CST  ("O 

0.93 

79.5 

0.6 

65.5 

0.3 

57.0 

0.1 

52.5 

20 

50.5 

Normality  of 

NaOH,  pH  > 13 

’CST  CO 

20 

50.5 

0.09 

40.0 

0.185 

32.0 

0.275 

23.5 

0.37 

15.5 

0.46 

6.0 

^CST  is  the  minimum  temperature  below  which  the 
system  is  in  one  phase  for  all  compositions. 

2pH  = 8.5 


Table  14.165:  Comparison  of  NEP,  HEP,  CHP  Solvents  with  Common  Solvents  (49) 


HEP®  (N'Hydroxyethyl-Pyrrolidone) 
M-PYROL®  (N-Methy!-Pyrrolidone) 

NEP®  (N-Ethyl>Pyrrolidone) 

CHP®  (N-Cyclohexyl>Pyrrolidone) 

DM  AC®  (Dimethyl-Acetamide)  (DuPont) 
DMF®  (Dimethyl-Formamide)  (DuPont) 


Surface 

Tension 


FreezlrM 

Point 

BoKng 

Point 

dynes /cm 
20°  cm 

Flash 

Point 

Solubaity 

Parameter 

nc 

nc 

(°)C 

20 

295 

49 

160 

11.7 

-“24 

202 

41 

95 

11.0 

<-70 

200 

36 

93 

10.3 

12 

284 

43 

145 

8.7 

-20 

166 

34 

70 

10.8 

-61 

153 

35 

68 

12.1 
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Table  14.166:  Surfadone  LP  Specialty  Solvent  Structure  (49) 


R=CH3(CH2>7  for  LP-100 
R=CH3(CH2)ii  for  LP-300 


Table  14.167:  Physical  Properties  of  Surfadone  LP  Products  (49) 


SURFADONE® 

SURFADONE® 

LP-100 

LP-300 

Physical  Form  (25°C) 

Clear  to  slightly 

Clear  to  slightly 

hazy  liquid 

hazy  liquid 

Boiling  Point  (°C) 

100  (0,3mm  Hg) 

145  (0.2mm  Hg) 

Vapor  pressure  (mm  Hg) 

0.5x10-3 

0.1x10^ 

Density  (g/cc) 

0.92 

0.90 

Solubility  Parameter 

9.2 

8.9 

Flash  Point  rO(TCC) 

119 

116 

Solidification  Point(°C) 

-25 

10 

Thermal  Gravimetric  Analysis 

175 

225 

Molecular  Weight 

197 

253 

Min.  Surface  Tension  (dynes/cm)^^^ 

28 

26 

(1 ) Temperature  at  which  1 0%  weight  loss  occurs  (by  volatilization). 
12)  Saturated  solution 


Table  14.168:  Phase  Diagrams  (49) 


SURFADONE*  LP-1 00  SURFADONE*  LP-300 


Table  14.169:  Solubilities  of  Surfadone  LP  100  and  LP-300  Nonionics  in  Various  Solvents  (49) 


Solvent 

SURFADONE®  LP-100 

SURFADONE®  LP-300 

Water 

<0.1%  or  >65% 

< 0.002%or  > 80% 

Ethanol 

S 

S 

Acetone 

S 

S 

Xylene 

S 

S 

Heptane 

S 

S 

Paraffin  Oil 

S 

S 

Stoddard  Solvent 

s 

S 

Perchloroethyiene 

s 

S 

S = soluble  at  10% 
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Table  14.170:  Surfactant  Properties  of  Surfadone  LP  Products  (49) 


Solvent 

SURFADONE*  LP-100 

SURFADONE*  LP-300 

Maxinnunn  concentration  in  H2O  (%) 

0.124 

0.002 

Mininnunn  static 

surface  tension  (dynes/cm) 

28 

26 

Draves  wetting  time  (sec.) 

4 

300 

Dynamic  surface 

tension  (dynes/cm)^^^ 

29 

N/A 

HLB 

6 

3 

(1)  at  a surface  age  of  one  second 


Table  14.171:  Low  Concentrations  of  Surfadone  LP  Products  Lower  Surface  Tension  of  Water  (49) 


Table  14.172:  Craves  Wetting  Time  for  Surfadone  LP  Products  with  SDS  (seconds)  (49) 


0.1%  Solution 

with 

0.008%  SDS 

with 

0.018%  SDS 

SURFADONE*  LP-100 

3.5 

2.4 

<1 

SURFADONE*  LP-300 

>300 

5.4 

4.4 

SDS 

17 

— 

Table  14.173:  Low  Concentrations  of  Surfadone  LP  Products  Reduce  Dynamic  and  Equiiibrium  Surface 
Tension  (49) 


LP-100 

Surface  Tension  (dynes/cm.)  I 

% 

Bubbtes/sec. 

1 

5 

10 

■ 

• 

A 

0.007 

62 

67 

69 

0.015 

57 

62 

67 

0.030 

48 

52 

57 

0.060 

39 

41 

45 

0.100 

35 

37 

40 

0.120 

30 

32 

35 

Table  14.174:  Surfadone  LP  Products  Effectively  Wet  Difficult-to-Wet  Substrates  (49) 

(Contact  Angles  in  0.1  % Solutions  in  Water) 


Aluminum 

Silicone 

Polypropylene 

Teflon 

Water 

84 

95 

95 

113 

SURFADONE*  LP-100 

<5 

56 

34 

54 

SURFADONE®  LP-300 

36 

53 

33 

54 
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Table  14.175:  Surfadone  LP/SOS  Ratio  (49^ 


Pure 

3:1 

1:1 

1:3 

SURFADONE*  LP-100 

25/5 

159/159 

164/161 

58/157 

SURFADONE*  LP-300 

13/11 

139/139 

135/135 

151/151 

Sodium  Dodecyl 
Sulfate  (SDS) 

156/156 







Foam  Height  (mm),  initial/5  min 
Total  concentration,  0.1  % 


Table  14.176:  Elastomer  Mechanical  Properties — Results  of  Material  Resistance  to  NMP  (47) 


(6  Weeks  Immersion  120°F) 


INITIAL 

FINAL 

A 

% A 

DIMENSION 

DIMENSION 

TOTAL 

TOTAL 

MATERIAL 

WT,  (Q) 

WT.  (G) 

WEIGHT 

WEIGHT 

BEFORE  (CM)  AFTER  (CM) 

LOSS 

GAIN 

1) 

CELCON- 

95.8334 

96.7680 

0.9346 

0.98 

3.0  X 11.5 
X 1.93 

3,0  X 11.5 
X 1.56 

— 

0.026 

2) 

TEFLON" 

16.8372 

16.8394 

0.0022 

0.013 

3.2  X 10.1 
X 0.241 

3.2  X 10.1 

X 0.241 

— 

— 

3) 

NYLON 

(ROD) 

15.8448 

15.9256 

0.0808 

0.51 

1.3  X 10.2 

X 1.300 

1.3  X 10.2 

X 1.290 

0.01 

— 

4) 

TIVAR" 

28.9250 

29.1876 

0.2626 

0.91 

2.6  X 10.2 

X 1.204 

2.6  X 10.3 
■ X 1.209 

— 

--  X 0.1 

X 0.005 

5) 

NYLON 

(SHEET) 

31.0453 

31.1811 

0.1358 

0.44 

3.6  X 10.5 
X 0.711 

3.6  X 10.5 
X 0.714 

— 

0.1  X — 

X 0.003 

6) 

PVC 

17.3684 

— 

— 

— 

3.5  X 11.7 
X 0.301 

— 

— 

— 

7) 

EPDM 

13.5350 

12.4198 

1.1 152 

-8.2 

3.8  X 10.2 
X 0.331 

3.6  X 9.8 
X 0.309 

0.2  X 0,4 

X 0.022 

— 

8) 

NEOPRENE 

(R-30) 

17.7365 

23.5720 

6.8355 

39.0 

4.0  X 10.4 
X 0.354 

— 

— 

NEOPRENE 

(R-30) 

17.7365 

18.2105 

0.4740 

2.7 

4.0  X 10.4 
X 0.354 

3.9  X 10.4 
X 0.324 

0.1  X — 

X 0.03 

9) 

GUM  RUBBER 

27.2070 

31.9650 

4.7580 

17.5 

4.0  X 10.3 
X 0.683 

4.3  X 10.3 
X 0.719 

— 

0.3  X 0.5 
X 0.036 

10) 

NEOPRENE 

(R-41) 

8.2889 

9.1755 

0.8866 

10.7 

3.9  X 10.1 
X 0.165 

— 

— 

— 

NEOPRENE 

(R-41) 

8.2889 

7.1048 

-1.1841 

-14.3 

3.6  X 9.5 

X 0.160 

0.3  X 0.6 
X 0.005 

11) 

BUTYL 

RUBBER 

39.1515 

40.8792 

1.7277 

4.4 

4.4  X 10.2 
X 0.640 

4.4  X 10.3 
X 0.665 

— 

— X 0.1 

X 0.025 

12) 

MYLAR" 

0.6565 

0.7224 

0.0659 

10,0 

3,9  X 10.1 
X 0.013 

3.8  X 10.2 
X 0.013 

— 

— 

13) 

VITON" 

12.2540 

25.5317 

13.2777 

108.0 

4.0  X 10.3 

X 0.162 

— 

— 

— 

VITON" 

12.2540 

14.2267 

1.9727 

16.1 

4.0  X 10.3 

X 0.162 

4.4  X 11.0 
X 0.134 

0.4  X 0.7 
X 0.03 

14) 

HYPALON" 

9.0964 

10.3928 

1.2964 

14.3 

3.9  X 10.2 
X 0.170 

— 

— 

— 

HYPALON" 

9.0964 

8.2690 

-0.8274 

-9.1 

3.9  X 10.2 
X 0.170 

3.7  X 9.8 
X 0.167 

0.2  X 0.4 
X 0.003 

15) 

SILICONE 

8.1632 

8.2814 

0.1182 

1.45 

4.2  X 10.3 
X 0.158 

4.2  X 10.3 
X 0.157 

0.001 

— 

Detailed  informatjon  is  available  in  a separate  technical  report. 
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Table  14.177:  Pyridine  (2) 


Pyridine  is  a liquid  miscible  with  water,  alcohol,  ether,  benzene  and  many  organic  liquids. 

It  is  an  excellent  solvent  for  organic  materials  and  will  dissolve  many  metallic  salts  giving 
comparatively  stable  compounds  (without  substitution).  It  is  used  in  the  preparation  of  water- 
proofing chemicals,  rubber  accelerators,  and  pharmaceuticals.  It  is  also  used  os  an  extractant 
and  in  distilling  and  purifying  operations.  The  less  pure  grade  is  used  as  a denaturant  for 
industrial  alcohol . 

Boiling  point  U5*C 

Melting  point  —42“C 

Specific  gravity  at  25/4“C  0.978 


Table  14.178:  Alpha-PIcollne  (2) 

2-Methyl  Pyridine 

Alpha-picoline  is  a liquid  which  is  very  soluble  in  water,  farming  a constant-boiling  mixture 
with  it.  It  is  also  soluble  in  ethyl  alcohol  and  ethyl  ether.  It  may  be  used  in  the  manufacture 
of  alkaloids,  pharmaceuticals,  antioxidants,  and  rubber  accelerators . 


Boiling  point 
Melting  point 
Specific  gravity  at  15/4*C 
Distillation  Range 


128*’C 

-69.9"C 

0.950 

Completely  within  2®C 


Table  14.179:  Beta-Picoline  (2) 

3-Methyl  Pyridine 

Beta-picoline  is  similar  to  the  alpha  compound.  It  is  soluble  in  water  with  which  it  farms  a 
canstant-boi ling  mixture;  it  is  also  soluble  in  ethyl  alcohol  and  ethyl  ether.  Suggested  uses 
far  it  are  in  the  manufacture  of  alkaloids,  phormaceuticols  and  rubber  accelerators.  It  is  also 
a starting  material  for  the  production  of  nicotinic  acid  and  nicotinic  acid  amide. 


Boiling  p>oint  143. 5°C 

Melting  point  — 18.3®C 

Purity  95%,  min. 

Specific  gravity  at  15/4°C  0.961 


Table  14.180:  Gamma-Picollne  (2) 


4-Methyl  Pyridine 


The  solubility  and  uses  for  this  solvent  ore  similar  to  those  of  the  alpha  and  beta  compounds. 


Boiling  pwint  143.1'*C 

Melting  point  +3.8*C 

Purity  95%,  min. 

Sjwcific  gravity  at  15/4°C  0.957 
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Table  14.181:  2,4-Lutidlne  (2) 


2, 4-D? methyl  Pyridine 


2^4-Lutidine  is  a liquid^  very  soluble  in  alcohols^  ketone,  ethers,  hydrocarbons,  and  most  organic 
solvents,  but  only  15%  soluble  in  water.  It  is  recommended  for  use  in  the  synthesis  of  drugs,  dyes, 
and  other  chemicals. 


Boiling  point 
Distillation 
Freezing  point 
Specific  gravity  at  25/4 *C 


158.3*C 

90%  distills  within  2®C 

Below  ~eO*C 

0.927 


Table  14.182:  2,6-Lutidlne  (2) 


2.6- Dimethyl  Pyridine 

2.6- Lutidine  is  a liquid,  very  soluble  in  water,  alcohols,  ethers,  ketones,  hydrocarbons,  and  most 
organic  solvents.  It  is  recommended  for  use  in  the  manufacture  of  resins,  dyes,  drugs,  insecticides, 
rubbers,  and  organic  chemicals. 


Boiling  point  142.9*C 

Freezing  point  -6.0“C 

Purity  95%,  min. 

Specific  gravity  at  25/4 *C  0.928 


Table  14.183:  Quinoline  (2) 


Quinoline  is  a liquid,  soluble  in  alcohol,  ether,  carbon  disulfide,  and  in  most  of  the  common 
organic  solvents,  but  only  partially  soluble  in  water.  It  is  a solvent  for  cellulose  esters  and  ethers 
when  used  with  other  solvents.  It  is  used  in  the  manufacture  of  dyes,  photographic  sensitizers, 
nicotinic  acid,  and  drugs.  It  is  also  used  as  on  extraction  agent  and  in  organic  synthesis. 


Boiling  point 
Melting  point 
Specific  gravity  at  20/4 “C 
Distillation  range 


237.7“C 

-19.5“C 

1.095 

95%  distills  within  2*C 
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Table  14.184:  2-Methyl-5--Vlnyl  Pyridine  (4) 


FORMULA 

CH,  -CH-C 
^ f 

HC 

CH 

^CH 

^C-CH 

N 

PROPERTIES 

Purity,  mol  percent  (water-free  basis) 

95.1 

94.0  min  * • 

Boiling  point,  at  50  mm  Hg,  F 

212 

at  160  mm  Hg,  F 

358 

Freezing  point,  C (water-free  basis) 

1 -14.16 

-15.14  min 

Water  content,  weight  percent 

0.5  max 

Refractive  index  at  25  C 

1.541 

Specific  gravity  of  liquid  at  60/60  F 

0.962 

Density  of  liquid  at  60  F,  Ibs/gal 

Color,  Gardner 

2 max 

Appearance 

1 Clear 

Polymer  content  (Hexane  Dilution) 

1 Negative 

Negative  min 

Flash  point,  F (TOC) 

1 165 

Inhibitor  content,  weight  percent 

(Tertiary  Butyl  Catechol) 

0.1 

0.05  min  - 0.15  max 

Table  14.185:  1,2,4-Trlmethylplperazine  (47) 

TYPICAL  PHYSICAL  PROPERTIES 


Form 

Viscosity  at  25°C. 
pHj  Aqueous  Solution 
Boiling  Point  (7^6  mm) 

Freezing  Point 
Specific  Gravity  25/?5°C. 
Refractive  Index  at  25°C. 

Fire  Point,  Cleveland  Open  Cup 
Pour  Point 


Liquid 

1.057  cps. 
10.5 

149°  - 151°C. 
<-50 ‘^F. 

0.851 

1.4480 

125°F. 

<-50°F. 


SOLUBILITY 


Soluble  in  water,  acetone,  methanol  and  benzene. 
AVAILABILITY 

1 ,2 ,4-trimethylpiperazine  is  available  in  semi -commercial 
quantities . 


Table  14.186:  1,4-Bl8(2-Hydroxypropyl)-2-Methylplperazine  (DHP-MP)  (47) 

TYPICAL  PHYSICAL  PROPERTIES 


Form 

Viscosity,  25®C. 

Boiling  Point  (5  mm.) 

Pour  Point 

Specific  Gravity  25/25°C. 
Refractive  Index,  25®C. 
Flash  Point,  Open  Cup 
Color 

Molecular  Weight 
pH,  1%  Aqueous  Solution 
Analysis,  based  on  tertiary 
nitrogen  content 


Liquid 
752  cps. 
145®C. 

10®F. 

1.001 
1.4805 
500° F. 

Light  Yellow 
216 
10.0 

97^ 


SOLUBILITY 


Miscible  in  all  proportions  with  water,  acetone,  ethanol, 
benzene,  heptane,  and  carbon  tetrachloride. 


Amines  813 


Table  14.187:  Morpholine  (48) 

Tetrahydro-p-OxazIne 
Molecular  wetghf:  87.  J2 

This  commercially  important  secondary  amine  is  a water-white,  mobile  liquid  having  an 
ammoniacal  odor.  It  is  very  soluble  in  water  and  forms  a stable  solution  which  exhibits  a 
constant  composition  during  evaporation  and  distillation  as  well  as  preserving  a constant 
alkalinity.  The  ring  structure  of  this  solvent,  ds  well  as  its  ether  and  amine  groups,  gives 
it  unique  solvent  power  for  a greater  than  usual  variety  of  organic  substances,  among  which 
are  resins,  dyes,  waxes,  shellac,  and  casein. 

It  is  used  in  perrrianent  wave  solutions  for  its  mild  alkalinity;  in  soaps  which  are  emulsifying 
agents  for  paper  coatings;  in  rubless  polishes,  lacquers,  paints,  insecticides,  etc.  It  imparts 
water-resistance  after  drying.  Its  water-soluble  salts  have  high  phenol  coefficients. 
Morpholine  may  also  be  used  in  photographic  developing. 


Color,  Pt  - Co  scale  1 5 max. 

Boiling  range,  ^C 

IBP  125.0  min. 

DP  132. 0 max. 


Purity,  wt.%  98.0  min. 

Specific  gravity,  20/20®C  0.999  - 1.004 

Suspended  matter  Substantially  free 


Freezing  point,  <^C  -4.9 

Boiling  point,  °C  128.9 

Flash  point,  (TOC)  °C  38 

°F  100 

Density,  g.  /cc.  at  20®c  0.  9994 

20 

Refractive  index,  n p 1. 4545 

Surface  tension,  dynes/cm.  at  20°C  37.5 

Viscosity,  centipoises  at  20°C  2.23 

Conductivity,  mho/cm.  x 10^^  6 

pKb  9.61 

Dielectric  constant  7.33 

Dipole  moment,  Debyes  1.58 

Molar  polarization,  Px  in  benzene  75.3 

Heat  capacity,  cal. /mol. /deg.  at  25®C  41.6 


Heat  of  vaporization,  cal. /mol.  (45-129°C) 


9510 
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Table  14.188:  Boiling  Point  Composition  Curves  for  Aqueous  Morpholine  Solutions  (19) 


PM  CENT  MOePHOUNE  BY  WEIGHT 


Table  14.189:  pH  of  Aqueous  Morpholine  Solutions  at  25‘’C  (19) 


Table  14.190:  Viscosity  of  Aqueous  Morpholine  Solutions  at  20°C  (19) 


Amines  815 


Table  14.191:  Solubility  of  Various  Substances  in  Morpholine  (48) 

g.  Solute  in  100  g.  g.  Solute  in  100  g. 


Substance 

Morpholine  at  25°C 

Substance 

Morpholine  at  25°C 

Acetone 

00 

2-Hexanone 

X 

Beeswax 

< 1 

Linseed  oil 

X 

Benzene 

X 

Methanol 

X 

Benzyl  cellulose 

> 5 

Methylamine 

33 

Butyl  ether 

X 

Methylcyclohexanol 

X 

Castor  oil 

X 

Naphtha 

> 5 

Cellulose  acetate 

> 5 

Paraffin  oil 

< 1 

Cellulose  nitrate 

>5 

Paraffin  wax  (hot) 

>5 

Copal  gum 

>5 

Pine  oil 

X 

Dimethylamine 

109 

Resin 

> 5 

Ester  gum 

>5 

Shellac 

>5 

Ethanol 

X 

Sulfur 

< 5 

2-Ethylbutanol 

X 

Trimethylamine 

34 

Ethylene  glycol 

X 

Turpentine 

X 

Ethyl  ether 

X 

Polyvinyl  acetate 

> 5 

Glycol  ether 

X 

Polyvinyl  butyral 

> 5 

polyvinyl  chloride  >5 


Table  14.192:  N-Ethyl  Morpholine  (2) 


C2H5 


This  cyclic  ferhary  amine  is  a water-white 
liquid  miscible  with  water.  It  may  be  used 
as  a solvent  for  oils,  dyes  and  resins,  and 
as  an  intermediate  in  the  synthesis  of  rubber 
accelerators,  emulsifying  agents,  drugs,  and 
dyes. 

Boiling  Point 138®C. 

Specific  Gravity  at  20/20®C.  . . . 0.916 


Table  14.193:  N-Phenyl  Morpholine  (2) 


Boiling  Point  at  760  mm 268® C. 

Melting  Point 57® C. 


Esters 


FORMATES 

Table  15*1:  Methyl  Formate  (2) 


HCOOCH^ 


Mefhyl  formafe  Js  a colorless  flammable  liquid  with  a pleasanf  ethereal  odor.  It  will  dissolve  cellulose  ethers  and  esters 
but  will  dissolve  them  more  readily  when  mixed  with  other  solvent  esters  or  the  less  volatile  halogenated  hydrocarbons. 


Acidity 

Neutral  to  methyl  orange  (methyl 
formate  hydrolyzes  in  presence  of 
water) 

Boiling  point 

31.8“  C 

Color 

Water-white 

Distillation  range 

Below  31,5“C  None 
Above  35.0“C  None 

Electrical  conductivity  at  25°C 

3.6  X 10"‘  reciprocal  ohms 

Flash  point 

-32“C 

Melting  point 

-99.8“C 

Odor  initial 

Pleasant,  ethereal 

Odor  residual 

Non-residual 

Purity 

95%  to  100%  eater,  by  wt 

Refractive  index  at  20*C 

1.3431 

Solubility  in  water  at  2Q®C 

30%  by  vol 

Solubility  of  water  in  solvent 

24%  by  vol 

at  26“  C 

Specific  gravity  at  20/20“C 

0.950  to  0.980 

Vapor  pressure 

0“C 

195.0  mm  of  Mercury 

10“C 

309.4  mm  of  Mercury 

16“C 

400.0  mm  of  Mercury 

20“C 

476.4  mm  of  Mercury 

26.8“C 

600.0  mm  of  Mercury 

30“C 

707.9  mm  of  Mercury 

Table  15.2;  Ethyl  Formate  (2) 

Formosol  HCOOC^H^ 

Ethyl  formate  is  a water- white,  highly  volatile  and  unstable  liquid  with  a pleasant  odor  resembling  peach  kernels.  It  is 
partly  soluble  In  water  and  miscible  with  benzene.  It  is  a powerful  solvent  for  cellulose  nitrate  and  acetate,  yielding 
solutions  of  unusual  low  viscosity  which  have  a tendency  to  chill . It  is  an  important  fumigant  and  larvicide  for  the  treat- 
ment of  tobacco,  cereals,  dried  fruit  and  similar  products.  It  is  used  as  a chemical  intermediate  in  the  manufacture  of 
such  medicinals  as  sulfadiazine,  thiamin  (Vitamin  B]),  and  perfumes  and  synthetic  flavors. 
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Table  15.2:  (continued) 


Neutral  to  methyl  orange  (It  hydro* 
lyies  in  the  presence  of  water) 
54.3’C 
Water-white 
5r-55"C 

than  1.45  X 10~*  recip  ohnu 
-19’C 
-80.5“C 
95%  to  100% 

1.3604 

0.900  to  0.930 
10%  by  vol 
17%  by  vol 

200  mm  of  Hg 
300  mm  of  Hg 
7.61  Iba 


Table  15.3:  Butyl  Formate  (2) 


Acidity 

Boiling  point 
Color 

Distillation  range 

Electrical  conductivity  at  25°C 

Flash  point 

Freesing  point 

Purity 

Refractive  index  at  20*C 
Specific  gravity  at  20/2P*C 
Solubility  in  water  at  20*C 
Solubility  of  water  in  solvent 
at  20"C 

Vapor  pressure  at  20.6®C 
at  30.2*C 

Weight  per  gal  at  68“F 


HCOOCH^CH^CH^CH^ 


Butyl  formate  is  a colorless  liquid,  miscible  with  alcohols,  ethers,  oils,  hydrocarbons  and  so  forth.  It  will  dissolve  cellu- 
lose  nitrate,  some  types  of  cellulose  acetate,  and  many  cellulose  ethers.  Butyl  formate  will  also  dissolve  many  natural 
and  synthetic  resins  such  as  copals,  dammar,  elemi,  mastic,  shellac,  cumar  resins,  ester  gum  and  alkyds  in  the  presence 
of  ethyl  alcohol . It  is  used  as  an  intermediate  and  in  perfumes. 


Acidity 
Ester  content 
Boiling  range 
Specific  gravity 


0.02%  max. 
85%  min. 
96«^-110‘’C. 
0.885*-0.9108 


Table  15.4:  Amyl  Formate  (2) 


HCOOC^H^^ 


Commercial  amyl  formate  is  an  anhydrous,  colorless  liquid  composed  of  a mixture  of  isomeric  amyl  formates  with  the  iso- 
amyl formate  in  predominance.  This  mixture  is  miscible  with  oils,  hydrocarbons,  alcohols,  ketones  and  so  forth.  It  is  a 
solvent  for  cellulose  esters,  “Cumar”,  copal,  gum  esters,  etc.  It  is  able,  when  mixed  with  an  alcohol,  to  dissolve  shellac 
and  alkyd  resin.  It  is  a less  odoriferous  and  more  energetic  solvent  than  amyl  acetate.  It  also  has  both  a lower  boiling 
point  and  a greater  speed  of  evaporation.  n-Butyl  acetate  and  amyl  formate  have  similar  volatility  and  have  substantially 
the  same  solvent  power  which  permit  free  interchange  of  these  only  as  far  as  these  properties  allow. 


Acidity 
Boiling  point 
Boiling  range 
Flash  point 
Specific  gravity 


0.05%  max. 
130.4°C. 
110®-130°C. 
80®F. 

0.880-0.885 
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ACETATES 

Table  15.5:  Methyl  Acetate  (2) 


CH^COOCH^ 

Mefhyl  acetate  is  a water-white  flammable,  readily  hydrolyzable  liquid,  with  a fragrant  odor.  This  low-boiling  solvent 
was  first  prepared  in  1 835  by  reacting  acetic  acid  and  methanol . It  is  miscible  with  most  organic  solvents  and  will  com- 
pletely dissolve  cellulose  nitrate  and  acetate,  ethyl  cellulose,  resins  such  as  ester  gum,  rosin,  "Cumar",  elemi,  phenolics, 
and  oils  such  as  corn,  linseed,  castor,  neatsfoot,  chinawood  and  cottonseed.  It  will  only  partially  dissolve  shellac, 
manila,  dammar,  pontianac,  Beckacites  and  alkyds.  In  many  respects,  methyl  acetate  resembles  acetone  as  a solvent, 
particularly  as  to  its  boiling  point,  solvent  power  and  miscibility,  but  its  tendency  to  hydrolyze  to  methanol  and  acetic 
acid,  in  the  presence  of  water,  limits  its  wider  use  in  the  industries.  Methyl  acetate  is  usually  admixed  with  higher 
boiling  solvents.  It  is  used  in  lacquers,  paints,  varnishes,  enamels,  perfumes,  dyes,  dopes,  plastics,  and  synthetic 
finishes  as  well  as  a substitute  for  acetone. 


Acidity  (u  acetic) 

0.005%,  max 

Freezing  point 

-98.rc 

Boiling  point 

56.9’C 

Heat  of  combustion 

6371  cal/g 

Distillation  range 

55^'*C 

Heat  of  vaporization 

104.4  cal/g 

Coefficient  of  expansion  (per  *’C)  at  20’^C 

0.001300 

Non-volatile  matter 

0-005  gram  per  100  cc,  max 

Color 

Water-white 

Refractive  index  at  20‘’C 

1.3593 

Critical  temperature 

233.7"C 

Solubility  in  water  at  20**C 

24%  by  wt 

Critical  pressure 

46-3  atm 

Solubility  of  water  in  solvent  at  OO^C 

8%  by  wt 

Dielectric  constant  at  X*C 

7.3  db  0.2 

SpeciSc  gravity  at  20/20**C 

0.9353 

Dilution  ratios 

Surface  tension  at  20‘’C 

24.6  dynes/cm 

Toluene 

2.9 

Vapor  pressure  at  20*C 

173  mm  Hg 

Petroleum  naphtha 

0.9 

Viscosity  at  20*C 

0.0(^1  poises 

Electrical  conductivity  at  25*C 
Flash  point  (A.S.T.M.  Open  Cup) 

3.4  X 10-*  mho 
-15*C 

Weight  per  gal  at  OO^’C 

7.783  lbs 

Table  15.6:  Ethyl  Acetate  (2) 


Acetic  Ether  CH2COOC2H2 

Ethyl  acetate  is  a water-white,  flammable  liquid  with  a pleasant,  fruity  odor.  The  85  to  88  per  cent  grade  of  ethyl  acetate 
suitably  denatured  is  generally  used  for  commercial  purposes  but  95  and  99  percent  grades  are  also  available.  It  is  miscible 
with  most  organic  solvents  such  as  alcohols,  ketones,  esters,  aromatic,  aliphatic  and  halogenated  hydrocarbons.  It  dis- 
solves such  materials  as  nitrocellulose,  camphor,  oils,  fats,  waxes,  gums  and  natural  and  synthetic  resins.  It  will  tolerate 
fairly  large  amounts  of  lacquer  diluents  and  like  methyl  acetate  it  not  only  has  a wide  range  of  solubilities  but  it  possesses 
the  unique  property  of  dissolving  nitrocellulose,  cellulose  acetate  and  cellulose  ethers  yielding  solutions  of  low  viscosity. 

Its  solvent  power  for  cellulose  derivatives  is  much  improved,  however,  by  adding  a small  quantity  of  alcohol  . 


(85  to  88%) 

.\cidity  (.18  acetic  acid) 

0.01%  by  u t,  max 

Flash  point 

-5"C  (23“F) 

Blush  resistance  at  OO’F  (10% 

Freezing  point 

-82.4"C 

i .sec.  US.  nitrocellulose 

Non-volatile  matter 

0.003  gram  per  100  cc,  max 

solution) 

Clear  45%  Uclative  humidity 

Refractive  index  at  20°C 

1.3725 

Bluish  50% 

Solubility  in  water  at  25"C 

9.7%  by  vol 

Coefficient  of  cubical  expan.siun 

Solubility  of  water  in  solvent  at 

9.8%  by  vol 

(ordinary  temperatures) 

0.00073  per  ‘F 

25*C 

0.00132  per  °C 

Speci6c  gravity  at  20/20"C 

0.883  to  0.888 

Color 

Water-white 

Viscosity  at  20“C 

4.546  millipoises 

Critical  temperature 

250. rc 

Weight  per  gal  at  68"F 

7.36  lbs 

Critical  pressure 

37  8 atmospheres 

Dilution  ratio 

(95  to  98%) 

Toluol 

3.5 

Acidity  (as  acetic) 

0.01%  by  wt,  max 

Petroleum  naphtha 

1.1 

Blush  resistance  at  90"F  (10%  i 

Distillation  r.inge 

Below  70“C  None 

sec.  R.S.  nitrocellulose  solu- 

Below 72“C  Not  more  than  10% 

tion) 

Clear  50%  Relative  humidity 

Above  80“C  None 

Blush  55% 

Dryness 

Miscible  without  turbidity  with  20  volumes 

Coefficient  of  expansion  per  1"F 

0.00074 

60"  B4  gasoline  at  20°C 

per  1"C 

0.00133 

Electrical  conductivity  at  25®C 

Less  than  1 X 10“*  reciprocal  ohms 

Color 

Water-white 

Evap.  rate  at  95“F  (in  min.) 

Dilution  ratio 

5% 

k 

Toluol 

3.2 

25% 

1* 

Petroleum  hjilrocarboii 

1.0 

50% 

3J 

Distillation  range 

74  to  80"C 

75% 

Dryness  at  20"C 

Miscible  without  turbidity  with  20 

90% 

9* 

vol  60"  B5  gasoline 

95% 

Hi 
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Table  15.6:  (continued) 


98%) 


(95  to 

4^vtip.  rat<*  at  95°F  (in  rninj 
5% 

25% 

50% 

75% 

W% 

95% 

Flush  point 
Non-volalilc  matter 
Solubilit)'  of  water  in  solvent  at 
25^C 

Specific  gravity  at  20/20°C 
Viscosity  (10%  Jsec.  nitrocel- 
lulose solution) 

Water 

Weight  per  gal  at  20®C 


4 

IJ 

H 

G 

7i 

8J 

2G°F  (approximate) 

0 003  gm  per  100  cc,  max 
4%  by  vol 


No  turbidity  when  mixed  with  19  vol- 
umes of  GO®  gasoline  at  20“C 
7.47  lbs 


0.895  to  0.900 
33  centipoises 


(99  to  100%)  acetic  ether  grade 


Acidity  (as  acetic) 

Blush  resistance  at  90°F  (10%  J 
sec.  R.S.  nitrocellulose  solu- 
tion) 

Coefficient  of  expansion  per  1“F 
per  1“C 


0.01%  by  wt,  max 


Clear  55%  Relative  humidity 
Blush  60% 

0.00074 

0.000133 


Color 

Dilution  ratio 
Toluol 

Petroleum  naphtha 
Distillation  range 
Klcctrical  conductivity  at  25“C 
Evap.  rate  at  95°F  (in  min.) 

5% 

25% 

50% 

75% 

90% 

95% 

Explosive  limits 
Flash  point 
Freezing  point 
Heat  of  combustion 
Heat  of  vaporization  at  0“C 
at  80“C 

Non-volatile  matter 


Water-white 

3.0 

1.0 

75  to  80‘’C 

3.2  X 10^’  rccip  ohms 

i 

1* 

3f 

6* 

9i 

lOJ 

2.26-11.4% 

O-SX 

-82.4"C 

538  kg.  cal/mole 
102  cal/gm 
102.9  cal/gm 

0.003  gram  when  100  cc,  max 


Table  15.7:  n-Propylacetate  (41) 


CH3COOC3H7 

The  properties  of  n-propyl  acetate  are,  approximately,  intermediate  between  those  of  ethyl  and  n-butyl  acetates.  It  is 
miscible  with  alcohols,  ketones,  esters,  oils  and  hydrocarbons  and  is  a good  solvent  for  nitrocellulose  and  a wide  range 
of  cellulose  derivatives,  especially  when  it  is  admixed  with  the  aromatic  hydrocarbons  or  the  lower  aliphatic  alcohols. 

It  will  also  dissolve  natural  and  synthetic  resins  like  elemi,  "Cumar"  resins,  ester  gum,  manila,  mastic,  rosin  and  sandarac. 
It  is  used  principally  as  a low-boiling  component  in  nitrocellulose  lacquer  formulations. 


Molecular  Weight  (Theoretical) 

102.08 

Boiling  Range.  760  mrn.  C 

Color  (Pt-Co  Scale),  max 

15 

IiHtial  Boiling  Point,  min 

99 

Wcight/Vol,  20°C, 

Dry  Point,  max 

I0.^> 

Ib/gal  (U.S.) 

7.39 

Freezing  Point,  °F  (°C) 

-131  (-93) 

kg/lilcr 

0.89 

Flash  Point,  Tag  Closed  Cup,  °F  (”C) 

55(13) 

Ib/gal  (Jmjxrrial) 

8.87 

Tag  Open  Cup,  ‘’F  (°C) 

58(14) 

Solubility,  20°C,  wt  % 

Fire  Point.  °F(“C) 

70(21) 

In  water 

2.3 

Flammable  Limits  in  Air.'/f'by  volume 

Water  in 

2.6 

Lower,  at  100°F(38°C) 

1.7) 

Evaporation  Rale  (n-butyl  acetate  = 1) 

2.3 

Upper,  at  200®F(93®C) 

7.95 

Dilution  Ratio,  toluene 

3.2 

Autoignition  Temperature  (ASTM  D-2155),  '’p  (°C) 

855 (457) 

VM  & P naptUha 

),5 

NFPA  Classification  30: 

IB 

Refractive  Index,  20*^C 

1,3844 

ICC  Labels  Required 

Red 

Vapor  Pressure,  20°C,  mm  Hg 

23 

Bureau  of  Explosives  Classification 

Flarpmablc  Liquid 

Specific  Gravity,  20°/20°C 

0,885 
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Table  15.8:  Isopropyl  Acetate  (2) 


CH2C00CH(CH2)2 


Isopropyl  acefafe  is  a wafer-whlfe  pleosonf-odored  liquid  wjfh  properfies  Infermediafe  befween  efhyl  and  bufyl  acefafes. 
It  is  miscible  with  most  of  the  common  organic  solvents  such  as  alcohols,  ketones,  esters,  oils,  hydrocarbons,  etc.,  and 
it  is  a solvent  for  nitrocellulose,  cellulose  acetate  (of  low  viscosity)  and  a wide  range  of  oils,  fats,  waxes,  gums  and 
natural  and  synthetic  resins.  Like  n-propyl  acetate,  its  solvent  power  for  cellulose  esters  is  increased  when  lower  ali- 
phatic alcohols  are  added.  It  is  largely  used  in  the  lacquer  industry  where  its  slow  evaporation  rate  and  blush  resistance 
are  of  importance.  It  is  also  used  in  the  manufacture  of  plastics,  artificial  leather,  dopes,  films,  cements,  and  in  the 
recovery  of  acetic  acid  from  aqueous  solutions. 


Acidity  (as  acetic) 

Boiling  point  at  760  mm 
Coefficient  of  expansion  per  °F 
Color 

Dilution  ratios 
Toluene 

V.M.  and  P.  naphtha 
])i.s1  illation  range 
Klectrical  conductivity  at  25°C 
Evaporation  rate  at  95°F  (in  minutes) 
5% 

25% 

50% 

75% 

00% 

05% 


0.02%  by  wt,  max 
88.6“C 
0.000727 
Water -white 

2.7 
0.92 

84.5-90"C 

5.7  X 10“^  recip  ohms 

i 

li 

4i 

7J 

lOJ 

in 


Flash  point  (Tag  Closed  Cup) 
Freezing  point 
Heat  of  vaporization 
Non-volatile  matter 
Refractive  index,  N 20/D 
Solubility  of  water  in  solvent 
Specific  gravity  at  20/20"C 
Specific  heat  at  IS-ZS^C 
Surface  tension  at  25“C 
Vapor  pressure  at  10“C 
20"C 
30“C 
40°C 

Viscosity  at  20“C 
Weight  per  gallon  at  20®C 


39"F 

-73.4“C 

79.4  cal/gm 

2 mg  per  100  cc,  max 
1.3772 
3.2%  by  wt 
0.866  to  0.871 
0.521  cal/gm 

24.5  dynes/cm 
inm  Hg 

45.7  mm  Hg 
76.1  mm  Hg 
121 .8  mm  Hg 
0.00525  poises 
7.23  lbs 


Isopropyl  Acetate 
Isopropyl  Acetate 


Constant  Boiling  Mixtures 

% by  Wt  B.P.  -c 
47.7  Isopropanol  52.3  80.1 

89.4  Water  10.6  76.6 


Table  15.9:  n-Butyl  Acetate  (2) 


CH2COOCH2CH2CH2CH2 


This  ester  is  a water-white  liquid  with  a characteristic  fruity  odor  which  is  less  pronounced  than  the  odor  of  amyl  acetate. 

It  is  miscible  with  alcohols,  ketones,  esters  and  most  of  the  common  organic  solvents.  It  is  a solvent  for  nitrocellulose 
and  cellulose  ethers,  especially  when  previously  mixed  with  active  or  latent  solvents.  It  will  dissolve  oils,  fats,  waxes, 
metallic  resinates,  camphor,  "Cumar"  resins,  dammar,  ester  gum,  elemi,  kauri,  manila,  mastic,  pontianac,  rosin,  sondoroc, 
chlorinated  rubber,  and  such  synthetic  resins  as  the  vinyls,  polystyrene,  and  acrylates.  In  combination  with  20  per  cent 
of  butyl  alcohol,  butyl  acetate  will  dissolve  the  less  highly  polymerized  alkyd  resins  and  shellac.  Owing  to  its  power  of 
imparting  low  viscosity,  gum  compatibility,  and  good  working  qualities,  it  is  classed  among  the  best  medium  boiling  sol- 
vents for  nitrocellulose.  Its  volatility  meets  the  demands  of  a lacquer  solvent  because  it  is  sufficiently  high  to  leave  the 
film  readily  and  at  the  same  time  low  enough  to  prevent  blushing.  When  combined  with  butyl  alcohol  it  will  prevent 
gum-blush,  cotton-blush  and  chilling.  Its  largest  use  is  as  a solvent  in  the  manufacture  of  nitrocellulose  lacquers  for 
protective  coatings,  artificial  leather  and  coated  paper,  plastics,  polishes,  safety  glass,  in  perfumes,  and  flavoring 
materials. 
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Table  15.9:  (continued) 


88-92%  98-100% 


.^cid^ty  (as  acetic) 

0.01%  by  \vt,  max 

Acidity  (as  acetic) 

0.01%  by  wt,  max 

Boiling  point  at  700  mm  Hg 

12G.5‘’C 

Boiling  point 

126.5‘“C 

Coefficient  of  cubical  expansion 

Coefficient  of  expansion  per  1 *F 

0006 

(ordinary  temperatures) 

0.00067  pcr“F 

per  1”C 

0.0011 

0.00121  pcr“C 

Color  (A.P.H.A.) 

10  max 

Color 

Water-white 

Dilution  ratio 

Dielectric  constant  at  20°C 

5.0 

Toluol 

3.05 

Dilution  ratio 

Petroleum  naphtha 

1.40 

Toluol 

2.9 

Distillation  range 

123°-128"C 

Petroleum  naphtha 

1.4 

Electrical  conductivity  at  25°C 

13  X 10~*  recip 

ohms 

Distillation  range 

Below  IIS'C  None 

Flash  point 

82'’F  approx 

Below  120'^C  Not  more  than  8% 

Fractionation:  I.P. 

114.3“ 

Above  130°C  Not  more  than  5% 

10% 

116.0 

Above  135°C  None 

25% 

116,9 

Evaporation  rate  at  95°F  (in 

50% 

117.4 

minutes) 

75% 

117.6 

5% 

00% 

117.6 

25% 

E.P. 

118.1 

50% 

13J 

Heat  of  vaporization 

73.8  cal/gm 

75% 

22} 

Non -volatile  matter 

Negligible 

90% 

3} 

Refractive  inde.x  at  20 °C 

1 .3951 

95% 

34} 

Solubility  in  water  at  25°C 

0.78%  by  wt 

Flash  point 

28X 

Solubility  of  water  in  solvent 

2.88%  by  wt 

Heat  of  vaporization 

73.8  calories  per  gm 

at  25“C 

Freezing  point 

-76.8“C 

Speeific  gravity  at  20/20'’C 

0.879  to  0.883 

Non-volatile  matter 

0.005  gram  per  100  cc,  max 

Speeific  heat  at  21-27°C 

0.505  cal/gm 

Residue 

None 

Surface  tension  at  27“C 

27,6  dyncs/cm 

Refractive  index  at  20‘’C 

1.3947 

Vapor  pressure  at  20°C 

9.0  mm  Hg 

Solubility  in  water  at  25°C 

0.5%  by  vol 

Viscosity  at  25°C 

0.00603  poises 

Solubility  of  water  in  solvent 

1.6%  by  vol 

W'cight  per  gallon 

7.76  lbs 

at  25"C 

Constant  Roiling  Mixtures 

Specific  gravity  at  20/20'’C 

0.872  to  0.880 

% by  Wt 

% by  Wt 

B.P.  *C 

Vapor  pressure  at  0“  C 

3.0  mm  Hg 

rt-Butyl  acetate  54.0 

n-Butanol 

46  0 

118.0 

25“C 

15.0  mm  Hg 

n-But\d  acetate  GO  O 

n-PropanoI 

40  0 

94.2 

50“C 

45.0  mm  Hg 

n-Butyl  acetate  48.0 

Isopropanol 

52.0 

80.1 

Viscosity  at  25°C 

0671  centipoiscs 

n-Butyl  acetate  71.3 

Water 

28.7 

90.2 

Weight  per  gallon  at  20“C 

7.28  lbs 

Ternary  Mixtures 

B.P. 

n-Butyl  acetate 

35.3% 

n-Butanol 

27.4% 

89.4“C 

Water 

37.3% 

Table  15.10:  sec-Butyl  Acetate  (2) 


CH^COOCH{CH^)CH^CH^ 


sec-Butyl  acetate  Is  a colorless,  flammable  liquid  with  a fruity  odor.  It  is  miscible  with  castor  and  linseed  oils  and  hydro- 
carbons, and  will  dissolve  nitrocellulose,  cumarone,  elemi,  ester  gum,  kauri,  mastic,  maniia,  pontianac,  asphalt  and 
tar.  It  has  only  partial  solubility  for  dammar  and  shellac  . Its  solvency  is  very  similar  to  n-butyl  acetate  but  it  has  a lower 
boiling  range,  less  blush  resistance  and  will  evaporate  with  greater  rapidity.  For  this  reason,  to  replace  n-butyl  acetate 
it  is  necessary  that  this  solvent  should  be  mixed  with  slower  evaporating  solvents  that  can  make  up  for  its  quicker  rate  of 
evaporation.  It  is  largely  used  in  the  manufacture  of  nitrocellulose  lacquers  and  similar  types  of  coatings  used  in  airplane 
dopes,  artificial  leather,  celluloid  products,  coated  paper,  patent  leather,  and  textile  sizing  and  printing  compounds. 


Acidity  (as  acetic) 

Blush  resistance  at  GO'^P 


Coefficient  of  expansion  per 
per 


Color 


rp 

1“C 


Distillation  range: 
Below  104"C 
Below  111*C 
Below  114*C 
Below  1 18*^0 
Above  130*C 


0.03%  by  wt,  max 

Clear  75%  Relative  humidity 

Blush  80% 

0.00063 

0.00113 

Water^white 

None 

Not  more  than  10% 

Not  more  than  60% 

Not  leas  than  90% 

None 
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Table  15.10:  (continued) 

Evaporation  rate  at  95‘'F  (in 


minutes) 

5% 

25% 

3J 

50% 

75% 

13J 

90% 

16} 

95% 

18 

Flash  point 

66®F 

Non-volatile  matter 
Residue 

Refractive  index,  N 25.3/D 
Specific  gravity  at  ^/20'’C 
Solubility  in  water 
Solubility  of  water  in  solvent 
at  25°C 

Weight  per  gal  at  20®C 


0.005  gm  per  100  cc,  max 
None 
1.38GG 
0.^2-0.800 
0.74%  by  wt 
2.1%  by  wt 

7.19  Iba  (approx.) 


Table  15.11:  Isobutyl  Acetate  (41) 

CH^COOCH^CH(CH^)^ 

Isobutyl  ocetotci  is  o mcdlum-boi  I Ing  solvent,  colorless  and  with  o mild,  fruity  ester  odor.  The  commercial  grodc  has  on 
ester  content  of  83  to  9'2  percent,  tfie  bolonce  being  substontiol  ly  isobutyl  alcohol.  The  solvent  power  of  this  ester  is 
similor  to  ti»e  normal  ond  secondary  ncotates.  It  is  miscible  with  most  organic  solvents  and  will  dissolve  a large  number 
of  oils,  woxes  ond  noturol  ond  synthetic  resins.  With  the  limitation  set  by  Rule  66  on  the  use  of  branched  chain  ketones 
ond  oromcjtic  solvents,  isobutyl  acetate  is  on  economical  replacement  for  MIBK  ond  by  hoving  o similor  evoporotlon  rote, 
can  be  formuloted  in  toluene  repiocements . 


Molecular  Weight  (C^Hj  2O2) 

116.2 

Boiling  Range,  760  mm,  °C 

Color  (Pt-Co  Scale),  max 

10 

Initial  Boiling  Point,  min 

112 

Weight/Vol,  20°C, 

Dry  Point,  max 

119 

lb/gal(U.S.) 

7.25 

Freezing  Point,  F ( C) 

-1 46  (-99) 

kg/liter 

0.87 

Flash  Point,  Tag  Closed  Cup,  °F  (“C) 

69  (20) 

Ib/gal  (Imperial) 

8.70 

Tag  Open  Cup,  °F  (“C) 

75  (24) 

Solubility,  20°C,  wt  % 

Fire  Point,  °F  (°C) 

88(31) 

In  water 

0.7 

Flammable  Limits  in  Air,  % by  volume 

Water  in 

1.6 

Lower,  at  200“F(93°C) 

1.27 

Evaporation  Rate  (n-butyl  acetate  = 1) 

1.4 

Upper,  at  200°F(93°C) 

7.5 

Dilution  Ratio,  toluene 

2.7 

Autoignition  Temperature  (ASTM  D-2 1 55),  ^ F ('‘C) 

800  (427) 

VM  & P naphtha 

1.1 

NFPA  Classification  30; 

IB 

Refractive  Index,  20°C 

1.3997 

DOT  Labels  Required 

Red 

Vapor  Pressure,  20®C,  mm  Hg 

12.5 

DOT  Classification 

Flammable  Liquid 

Specific  Gravity,  20°/20°C 

0.870 

Table  15.12:  Amyl  Acetate  (2) 

Banana  Oil 

Amy!  Acetic  Ether  CH^COOC^H^^ 

Isoamyl  Acetate 

Amyl  acetate  is  a colorless,  flammable  liquid  with  an  odor  resembling  bananas  or  pears.  Its  exceptional  solvent  power 
places  it  among  the  first  solvents  In  the  nitrocellulose  lacquer  industry.  The  amyl  acetates  are  made  by  the  acetylation 
of  fusel  oil  or  synthetic  amyl  alcohols.  Amyl  acetate  is  miscible  with  oils,  hydrocarbons,  alcohols,  ethers  and  esters, 
and  will  dissolve  such  substances  as  camphor,  elemi,  ester  gums, copal  ester,  copals,  dammar,  kauri,  rosin,  sandarac, 
tannins,  waxes,  Zanzibar  and  "Cumar"  resins,  and  when  it  is  mixed  with  alcohol  it  will  dissolve  some  alkyd  resins,  it  is 
a good  solvent  for  cellulose  esters  and  ethers,  the  solvency  of  which  is  increased  when  combined  with  ethyl  alcohol . Amyl 
acetate  is  used  extensively  as  a solvent  in  nitrocellulose  lacquers,  both  for  Its  solvency  and  its  power  to  Import  blush  re- 
sistance, good  flow,  gloss  and  toughness.  It  is  also  used  in  making  smokeless  powder,  artificial  leather  and  pearls,  air- 
plane dopes,  waterproofing  compositions,  varnishes,  dry  cleaning  compounds,  bronzing  liquid,  films,  celluloid,  rayon, 
linoleum,  oilcloth,  fruit  flavors,  soft  drinks,  food  preparations,  confectionery,  perfumes,  soap  solvent,  and  in  photo- 
engraving . 


8&~88%  technical  grade 


Acidity  (as  acetic) 

Blush  resistance  at  90“F  (10%  i 
sec  R.S.  nitrocellulose  solu- 
tion) 

Coefficient  of  expansion  per  1°F 
per  1®C 

Color 

Dilution  ratio 
Toluol 

Petroleum  naphtha 


0.03%  by  wt,  max 


Clear  80%  Relative  humidity 
Blush  85% 

0.00066 

0.00119 

Water-white 

2.7 

1.4 
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Table  15.12:  (continued) 


86-88%  technical  grade 
Distillation  range 
Helow  110®C 
Below  120*C 
Below  130“C 
Below  140“C 
Above  150®C 
Dryness 


giigh  Teal  85-88%) 


Evaporation  rate  at  95“F  (in 
minutes) 

5% 

25% 

50% 

75% 

90% 

95% 

Flash  point 
Non-volatile  matter 
Solubility  of  water  in  solvent 
at  25“C 

Specific  gravity  at  20/20°C 
Viscosity  (10%  § sec.  R.S.  nitro- 


Xot  more  than  15% 

Not  more  than  30% 

Not  more  than  55% 

Not  leas  than  80% 

None 

Miscible  without  turbidity  with  20 
vols  00“  B(^  gasoline  at  20“C 


1 

6 

15t 

28i 

4U 

47* 

63“F 

0.005  gm  per  100  cc,  max 
2 .4%  by  vol 

0.857-0. 805 
43  centipoiscs 


Non-volatile  matter 
Odor 

Odor  residual 
Purity 

So\uV)ility  of  water  in  solvent  at 
25“C 

Specific  gravity  at  20/20“C 
Viscosity  (10%  * sec.  R.S.  ni- 
trocellulose solution) 

Weight  per  gal  at  20“  C 


Not  more  than  0.005  gm  per  1(X)  cc 
Mild 

Non -residual 

Ester  content  as  amyl  acetate  85-88% 
100  cc  solvent  dissolves  1 .8  cc  water 

0.850-0.863 
G1  centipoisea 

7.17  lbs 


Acidity  (as  acetic) 

Blush  resistance  at  90“F  (10% 
i sec.  R.S.  nitrocellulose  solu- 
tion) 


Coefficient  of  expansion 
per  1“F 
per  1“C 
Color 


90-96%  grade 

0.035%  by  wt,  max 


Clear  85%  Relative  humidity 
Blush  90% 

0.00061 
0.00110 
Water-white 


cellulose  solution) 

Dilution  ratio 

Weight  per  gal  at  20“C 

7.17  lbs 

Toluol 

2.6 

[High 

Test  86-88%) 

Petroleum  naphtha 
Evaporation  rate  at  95“F  (in 

1.4 

Acidity  (as  acetic) 

Not  more  than  0.03% 

minutes) 

Blush  resistance  at  90“F  (10%  * 

5% 

U 

sec.  R.S.  nitrocellulose  solu- 

25% 

7 

tion) 

Clear  85%  Relative  humidity 

50% 

15* 

Blush  90% 

75% 

251 

Coefficient  of  expansion  per  1“F 

0.(XX)66 

90% 

35 

per  1“C 

0.00119 

95% 

40 

Color 

Water -white 

Flash  point 

79“F 

Dilution  ratio 

Distillation  range 

Toluol 

2.5 

Below  1I0“C 

None 

Petroleum  naphtha 

1.4 

Below  120“C 

Not  more  than  10% 

Distillation  range 

Below  130“C 

Not  more  than  70% 

Below  110“C 

None 

Below  140“C 

Not  less  than  90% 

Below  120“C 

Not  more  than  10% 

Above  150“C 

None 

Below  130“C 

Not  more  than  40% 

Non-volatile  matter 

0.005  gram  per  100  cc,  max 

Below  140“C 

Not  less  than  60% 

Residue 

None 

Below  150“C 

None 

Solubility  in  water  at  25“C 

2%  by  vol 

Evaporation  rate  at  95“ F (in 

Solubility  of  water  in  solvent  at 

2%  by  vol 

minutes) 

25“C 

5% 

H 

Specific  gravity  :it  20/20“C 

0.SC8  to  0.872 

25% 

fH 

Viscosity  (10%  * sec.  R.S.  ni- 

50% 

18* 

trocellulose  solution) 

GO  centipoiscs 

75% 

30 

Weight  per  gal  at  20“C 

7.22  lbs 

90% 

45 

95% 

51* 

Flash  point 

84“F 

Table  15.13:  sec-Amyl  Acetate  (2) 


CH^COOC^H^^ 

This  medium  boiling  solvent  is  a water-white  liquid  made  by  acetylotion  from  the  secondary  amyl  alcohols  (pentanol-2  and 
pentanol-3) . Although  Its  solvent  power  Is  not  equal  to  that  of  amyl  acetate  because  it  has  a lower  tolerance  for  diluents, 
as  well  as  a less  desirable  odor,  it  has  many  similar  properties  and  it  is  used  as  a nitrocellulose  and  ethyl  cellulose  solvent. 


Acidity  (as  acetic) 

Blush  resistance  at  90"F  (10% 
* sec.  R.S.  nitrocellulose  solu- 
tion) 

Coefficient  of  Expansion 
per  1“F 
perl“C 
Color 

Dilution  ratio 
Toluol 

Pet  roleum  naph  th  a 


0.03%  by  wt,  max 

Clear  85%  Relative  humidity 

Blush  90% 


0.00060 

0.00108 

Water-white 

2.1 

1.1 
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Table  15.13:  (continued) 


Distillation  range 
Below  123'’C 
Below  I26®C 
Below  132’C 
Below  I'tO’C 
Above  145°C 

Evaporation  rate  at  95 °F  (in 
minutes) 

5% 

25% 

50% 

75% 

90% 

95% 


None 

Not  more  than  10% 
Not  more  than  00% 
Not  less  than  90% 
None 


7J 

15J 

24J 

30J 

33} 


Flash  point 

Non  volatile  matter 

Residue 

Sjjccific  gravity  at  20/20'’C 
Solubility  qf  water  in  solvent  at 
25“C 

Viscosity  (10%  Jsco.  R.S.  nitro- 
cellulose solution) 

Weight  per  gal  at  20°C 


HT  E 

0.005  gni  per  ICO  cc,  max 
None 

0.SG2-O.8OG 
0 .S%  by  vol 

75  contipoisos 

7.19  lbs 


Table  15.14:  Pentacetate  (2) 

Pentacetafe  made  from  syntheMc  amyl  alcohol  is  a mixture  of  five  isomeric  amyl  acetates  with  some  free  amyl  alcohol  . 

It  is  soluble  in  methanol,  ethyl  ether,  ethyl  acetate,  fixed  oils,  acetone,  oleic  acid,  hot  stearic  acid,  and  aromatic  and 
aliphatic  hydrocarbons.  It  is  soluble  in  hot  paraffin  and  carnauba  waxes  but  these  congeal  on  cooling.  It  is  insoluble  in 
water.  The  solvent  power  of  this  mixture  being  similar  to  that  of  amyl  acetate,  pentacetate  finds  its  most  important  use  in 
the  manufacture  of  nitrocel  lulose  lacquers . It  is  also  used  as  an  extractant  in  the  production  of  penicillin  . It  also  finds 
use  in  various  types  of  poison  bait. 


Some  of  the  esters  to  be  found  in  Pentacetate  are; 


CH,ClhCH,CU;CH,OOCCH,  148°C 

(CHdiCHCHjCHsOOCCH,  142“C 

CH,C11,CH(CH3)CH:00CCH,  142"C 

CH,CH(OOCCHdCH,CH,CH,  134“C 

CH,CH,CH  (OOCCH,)CH2CH,  132*C 


Acidity  (as  acetic) 

Coefficient  of  expansion  at  10 
to  35“C 
Color 

Distillation  range 

100% 

95% 

75% 

25% 

End  point 
Dilution  ratio 
Toluol 

Petroleum  naphtha 
Evaporation  rate  at  J14.8"F 
Minutes  3.92 
Minutes  7.92 
Minutes  12.50 
Minutes  20.00 
Flash  point  (Open  Cup) 

Heat  of  vaporization 
Non-volatile 
Refractive  index  at  20“C 
Specific  gravity  at  20/20“C 
Solubility  in  water 
Solubility  of  water  in  solvent 
Viscosity  at  +40“C 
-40“C 

Water  azeotropic  mixture  at 
92-95“C 


0.03%  by  wt  max 
0.00110  per  *C 

Water-white 

Above  126“C 
Above  130“C 
Above  135°C 
Above  140“C 
Not  above  150®C 

2.1 

1.3 

25% 

50% 

75% 

100% 

107*F 

68.5  cal/gm 

0.005  gm/lOO  cc  max 

1.4013 

0.860-0.870 

1%  by  vol 

1.5%  by  vol 

0.683  centipoises 

3.464  centipoises 

67%  Pentacetate  (approx) 

33%  water  by  vol 


Water  content 
Weight  per  gal 


None 
7.21  lbs 


Table  15.15:  Methyl  Amyl  Acetate  (2) 

Methyl  Isobutyl  Carbinol  Acetate 


CH^C00CH(CH^)CH2CH(CH^)2 


Esters  825 


Methyl  amyl  acetate  is  a colorless  liquid  with  a mild  and  pleasant  odor.  This  medium  boiling  solvent  is  used  in  nitro- 
cellulose lacquer  fabrication  producing  such  advantages  as  blush  resistance,  reduction  of  "orange  peel"  in  the  lacquer 
film,  and  no  swelling  of  oilbase  undercoats. 


Acidity  (as  acetic) 
Uoiling  range  at  7C0  mm 


0.02%  by  wt,  max 
Below  140°C  None 
Above  150°C  None 
Not  more  than  5%  distills  below 
143'C 

Not  less  than  95%  distills  below 
148"C 


Color 

Dryness 

Purity 

S])ccific  gravity  at  20/20®C 
Weight  per  gal  <at  20"C 


Water-white 

Miscible  with  19  vol  60°  gasoline 
at  20°C 

95%  by  wt,  max 
0.855  to  0.860 
7.14  lbs 


Table  15.16:  2-Ethyl  Butyl  Acetate  (2) 


2-Ethyl  butyl  acetate  is  a colorless  liquid  having  a mild  odor.  It  is  a solvent  for  nitrocellulose,  gums  and  resins,  and  is 
employed  as  a high-boiling  solvent  in  lacquers. 


Acidity  (as  acetic)  0.01%  by  wt,  max 

Color  Water-white 

20“C 

Specific  gravity  0.875  to  0.881  at 


Boiling  range 
Purity 
Dryness 
Average  weight 


155°-164°C 
90%  min 

Miscible  with  19  vols  B6  gasoline  at  20°C 
7.33  Ibs/gal  (20°C) 


Table  15.17:  2-Ethylhexyl  Acetate  (41) 


Ethyl  hexyl  acetate  is  a water- 

-white,  stable  liquid.  It  will  dissolve  nitrocellulose  and  many  of  the  natural  and  synthetic 

resins.  It  is  used  in  slow-eva 

porating  preparations  such 

as  brushing  and  dipping  lacquers,  mist  coatings. 

baking  finishes 

and  lacquer  emulsions. 

Molecular  Weight  1C 

172.26 

Fire  Point,  °F  (°C) 

187(86) 

Color  (Pi -Co  Scale),  max 

15 

Flammable  Limits  in  Air,  % by  volume 

Weight/Vol,  20T. 

Lower,  at  200°F(93°C) 

0.76 

Ib/gaHU.S.) 

7.26 

Upper,  at  300°F{149“C) 

8.14 

kg/liter 

0.87 

Autoignition  Temperature  (ASTM  D-2155),  °F  (°C) 

515  (268) 

Ib/gai  (Imperial) 

8.71 

NFPA  Classification  30 

IIIA 

Solubility,  20°C,  wt  % 

DOT  Labels  Required 

None 

In  water 

0.03 

DOT  Classification 

Nonhazardous  Liquid 

Water  in 

0.55 

Color  (Pt-Co  Scale),  ppm,  max 

IS 

Evaporation  Rate  (ii-butyl  acetate  = 1) 

0.03 

Dilution  Ratio,  toluene 

1.4 

Specific  Gravity,  20°/20°C 

0.870-0.875 

VM  & P naphtha 

0.9 

Acidity,  as  acetic  acid,  wt  %,  max 

0.02 

Refractive  index,  20°C 

1.4103 

Vapor  Pressure,  20®C,  mm  Hg 

0.4 

Boiling  Range,  760  mm,  °C 

Specific  Gravity,  20°/20®C 

0.872 

Initial  boiling  point,  min 

192.0 

Boiling  Range,  760  mm, 

Dry  point,  max 

205.0 

Initial  Boiling  Point,  min 

192.0 

Dry  Point,  max 

205.0 

Ester  Content,  wt  %,  min 

95.0 

Freezing  Point,  (°C) 

-135  (-93) 

Water,  wt  %,  max 

0.2 

Flash  Point,  Tag  Closed  Cup,  °F  (X) 

160(71) 

Tag  Open  Cup,  °F(°C) 

175(79) 

Odor 

Mild 

Table  15.18:  Cyclohexyl  Acetate  {2) 

Hexalin  Acetate 
Hexahydrophenyl  Acetate 
Adronol  Acetate 

Cyclohexyl  acetate  is  a colorless,  water-insoluble  liquid  with  an  odor  resembling  that  of  amyl  acetate.  It  is  miscible  in 
all  proportions  with  most  of  the  lacquer  solvents  and  diluents,  with  halogenated  and  hydrogenated  hydrocarbons,  and  will 
completely  dissolve  waxed  dammar  and  unrun  congo  copal . It  Is  a good  solvent  for  cellulose  ethers  and  nitrocellulose 
and  has  powerful  solvency  for  basic  dyes,  blown  oils,  raw  rubber,  metallic  soaps,  driers,  shellac,  bitumens,  and  a wide 
range  of  natural  and  synthetic  resins  and  gums.  It  is  used  in  spraying  and  brushing  lacquers  importing  blush  resistance 
and  good  flow.  (continued) 
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Table  15.18:  (continued) 


Boiling  range 

160-180*C 

Color 

Water-white 

Flash  point 

64’C 

Freesing  point 

-65*C 

Purity 

88-95%  min 

Residue 

None 

Refractive  index 

1.435-1.445 

Specific  gravity  at  20“C 

0.968-0.972 

Water 

None 

Viscosity  (S.U.V.  at  100“F) 

32 

Table  15.19:  Methyl  Cyclohexanyl  Acetate  (2) 

Sexfafe 

Methyl  Hexalin  Acetate 
Hexahydrocresol  Acetate 
Hexahydromethylpheno!  Acetate 


Methyl  cyclohexanyl  acetate  is  a colorless  high-boiling  liquid  having  an  ester-like  odor.  Its  miscibility  and  solvent 
action  are  quite  similar  to  those  of  cyclohexanyl  acetate  but  it  is  slower  acting.  It  is  a solvent  for  nitrocellulose,  basic 
dyes,  rubber,  bitumens,  oils,  fats  and  waxes,  and  for  such  resins  as  dammar,  elemi,  manila,  mastic,  rosin,  ester  gum, 
phenolic  and  vinyl  resins.  It  will  dissolve,  in  a lesser  degree,  shellac,  kauri  and  cellulose  acetate.  It  is  used  as  a 
high-boiling  solvent  in  nitrocellulose  lacquers  for  both  spraying  and  brushing  purposes.  Its  solvency  and  slow  rate  of 
evaporation  impart  resistance  to  blushing  and  good  working  qualities  and  produce  films  that  are  smooth,  homogeneous 
and  glossy.  Its  dilution  ratio  with  various  diluents  are  as  follows: 


Xylene 
Toluene 
Benzene 
White  spirits 

Ac  idity 
Ester  content 
Boiling  range 
Flash  point 
Specific  gravity 


2.5 
2.5 
2.0 
1 .5 

4.04%  (max.) 
80-90% 
175°-190**C. 
66^-69^C . 
0.95 


Table  15.20:  Ethylene  Glycol  Monoacetate  (2) 


CH2OH 

CH2OOCCH2 


Ethylene  glycol  monoacetate  is  a colorless,  odorless  liquid  and  is  structurally  a primary  alcohol  and  an  ester.  It  is  made 
by  combining  a dihydric  alcohol  and  a monocarboxyl ic  acid.  It  will  mix  completely  with  water  and  many  of  the  lacquer 
solvents.  Ethylene  glycol  monoacetate  wilt  dissolve  cellulose  esters  and  ethers  and  many  of  the  resins. 


Boiling  point 
Specific  gravity 
Flash  point 


larc. 

I .109  (20«C.) 
102«C. 


Table  15.21:  Ethylene  Glycol  Diacetate  (2) 


CH^OOCCH^ 

CH^OOCCH^ 

Glycol  diacetate  is  a colorless  liquid  having  a faint  odor  resembling  that  of  ethyl  acetate.  It  will  dissolve  a wide  range 
of  cellulose  esters,  camphor,  dammar,  ester  gum,  elemi,  mastic,  rosin  and  sondarac  . When  it  is  mixed  with  active  sol- 
vents its  range  of  solubility  is  increased  for  a wide  variety  of  cellulose  esters  and  ethers  and  for  natural  and  synthetic  resins. 

(continued) 
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Table  15.21:  (continued) 


Molecular  Weisihi  (C^Hjo04>  h46.!5 

C olor  (Pi  -C o Scale ) . rnax  1 5 

Wciglu/V  ol.  20“C. 

lb/{Uil(U.S.)  9.21 

kg/liier  1.1 1 

ib/gaJ  ( Imperial)  1 1 -04 

Solubility.  20®C.  wi  % 

In  water  16.4 

Water  ui  7.6 

bvaporaiion  Rate  (n-buiyl  accuic  = 1) 

Dilution  Ratio,  toluene  1-^ 

Refraaivc  In4cx,  20®C  1.4159 

Vapor  Pressure.  20°C.  mm  Hg  0-2 

Specific  Gravity.  20“/20®C  1.107 


Boiling  Range,  760  mm,  °C 
Inilia)  Boiling  Point,  min 
Dry  Point,  max 
Freezing  Point,  °F  (°C) 

Flash  Point.  Tag  Closed  Cup.  °F  (°C) 

Cleveland  Open  Cup,  ®F  (°C) 

Fire  Point,  °F  (°C) 

Flammable  Limits  in  Air,  % by  volume 
Lower, at  275®F(I35“C) 

Upper,  at  310°F(154®C) 

Autoignition  Temperature  (ASTM  D-2155),  °F  (°C) 
NFPA  Classification  30: 

DOT  Labels  Required 
DOT  Classification 


187.0 

193.0 
43  (42) 

191 (88) 

210(99) 

210(99) 

1.6 

8.4 

900(482) 

IllA 

None 

Nonhazardous  Liquid 


Table  15.22:  Ethylene  Glycol  Monomethyl  Ether  Acetate  (19) 

Methyl  CELLOSOLVE  Acetate 
ARCOSOLV  EMA 

Typical  Properties 


Formula  Molecular  Weight 

118.14 

Apparent  Specific  Gravity  at  20/20“c 

1 .0055 

Pounds  per  Gallon  at  20''c 

8.37 

Boiling  Point  at  760  mm  Hg,  *C 

145.0 

Vapor  Pressure  at  20®C,  mm  Hg 

2 

Freezing  Point,  ®C 

-65.1 

Absolute  Viscosity  at  20*C,  cP 
Solubility  at  20"C,  % by  wt 

1.1 

In  Water 

Complete 

Water  In 

Complete 

Flash  Point,  Closed  Cup,  ®F* 

121 

Relative  Evaporation  Rate  (nBuAc  = 100) 
Heat  of  Vaporization,  Btu/lb 

31 

At  1 Atm 

147 

At  300  mm  Hg 

•Determined  by  Tag  Closed  Cup,  ASTM  Method  D56. 

156 

Table  15.23:  Ethylene  Glycol  Monoethyl  Ether  Acetate  (41) 

CELLOSOLVE  Acetate  CH  OC  H 

Eastman  EE  Acetate  I 2 2 5 

ARCOSOLV  EEA  CHjOOCCH 

Glycol  Ether  EEA 


This  is  a water-white  liquid  with  a mild,  characteristic  odor.  It  Is  widely  used  as  a solvent  in 
where  it  imparts  gloss,  flow,  and  prevents  blush. 


nitrocellulose  lacquers 


(continued) 
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Table  15.23:  (continued) 

Typical  Proparlftt 


Molecular  Weight  (OHuOs) 

132.16 

Color  (Pt>Co  Scale),  max 

15 

Weight A^ol  at  20“  C. 

Ib/gal  (U.S.) 

8.11 

kg/L 

0.98 

Ib/gat  (Imperial) 

9.73 

Solubility  at  20*C,  wt  % 

In  water 

23.8 

Water  in 

6 5 

Evaporation  Rate  (n-butyl  acetate  ~ 1) 

0.2 

Dilution  Ratio,  toluene 

2.5 

VM  8 P naphtha 

0.0 

Refractive  Index  at  20“C 

1.4030 

Vapor  Pressure  at  20“  C,  mm  Hg 

1.7 

Specific  Gravity  at  20/20“  C 

0.973 

Boiling  Range  at  760  mm,  *C 
Initial  Boiling  Point,  min 

Dry  Point,  max  "*^0 

Freezing  Point,  • F (•  C)  '78  (-€t) 

Flash  Point.  Tag  Closed  Cup.  *F  (*C)  (5^) 

Tag  Open  Cup,  *F  (*C)  139(59) 

Fire  Point,  *F  (*C)  (62) 

Flammable  Limits  in  Air.  % by  volume 
Lower,  at  200*F  (93*C)  ^ 24 

Upper,  at  275“F(135*C)  127 

Autoignition  Temperature  (ASTM  D 2155).  *F  CO  720  (382) 

NFPA  Classification  30 

DOT  Classification  Combustible  Liquid 

DOT  Labels  Required  None 


Table  15.24:  Ethylene  Glycol  Monobutyl  Ether  Acetate  (41) 

Butyl  CELLOSOLVE  Acetate 
SOLV  EB  Acetate 
Eastman  EB  Acetate 
Glycol  Ether  EB  Acetate 
ARCOSOLV  EBA 
Glycol  Ether  EBA 

This  is  a high  boiling  glycol  ether  ester  solvent  particularly  useful  as  a coalescing  aid  for  latex  paint.  With  its 
limited  water  solubility  and  its  general  solvent  properties,  it  is  found  useful  in  multicolor  lacquers  and  lacquer 
emulsions. 


Typical  Properties 


Molecular  Weight  (CgHj^Oj) 

160.21 

Color  (Pt-Co  Scale),  max 

15 

Evaporation  Rate  (n-butyl  acetate  * 1) 

0.03 

WeightA'ol,20’C. 

lb/gal(U.S.) 

7.84 

kg/Iitre 

0.94 

Ib/gal  (Imperial) 

9.42 

Solubility,  20*C,  wt  % 

In  water 

1.1 

Water  in 

1.6 

Dilution  Ratio,  toluene 

1.8 

VM  & P naphtha 

1.2 

Refractive  Index,  20®C 

1.4200 

Vapor  Pressure,  20“C,  mm  Hg 

0.29 

Specific  Gravity,  20V20“C 

0.942 

Boiling  Range,  760  mm,  “C 

Initial  Boiling  Point,  min 

186 

Dry  Point,  max 

194 

Freezing  Point,  *F  (®C) 

-83  (-64) 

Flash  Point,  Tag  Closed  Cup,  ®F  (^C) 

160(71) 

Tag  Open  Cup.  CQ 

177(81) 

Fire  Point,  “F  (’^C) 

180(82) 

Flammable  Limits  in  Air,  % by  volume 

Lower,  at  200’'F  (93*C) 

0.88 

Upper,  at  275**F  (1 35*C) 

8.54 

Autoignition  Temperature  (ASTM  D-2I55),  *F  (®C) 

645  (340) 

NFPA  Classification  30 

niA 

DOT  Classification 

Combustible  Liquid 

DOT  Labels  Required 

None 
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Table  15.25:  Diethylene  Glycol  Monoethyl  Ether  Acetate  (41) 


SOLV  DE  Acetate 
Eastman  DE  Acetate 
Glycol  Ether  DE  Acetate 
ARCOSOLV  DEA 


CH3-C-O-CH2-CH 

II 

0 


2 


O-CH2-CH2-O-C2H5 


This  is  primarily  used  as  a coalescing  aid  in  latex  paints.  Both  its  solvency  and  slow  evaporation  rate  are  effective  in 
producing  slow  drying  characteristic  brushing  lacquers. 


Typical  Pfopertiet 


Molecular  Welghi  (C,H,*0)  176.21 

Color  (PtCo  Scale),  max  1 5 

Evaporation  Rate  (n-butyl  acetate  ■ 1 ) < 0.01 

Weight(Vol.20*C. 

lb/gal(U.S.)  8-41 

kg/litre  1-01 

Ib/gal  (Imperial)  10.09 

Solubility,  20*C,wt% 

In  water  Complete 

Water  in  Complete 

Dilution  Ratio,  toluene  2.2 

VM  & P naphtha  0.6 

Refractive  Index,  20"C  1 .4230 

Vapor  Pressure,  20“C,  mm  Hg  0.05 

SpecificCravTty,  20V20*C  1-01 1 

Boiling  Range,  760  mm.  *C 

Initial  Boiling  Point,  min  214 

Dry  Point,  max  221 

Freezing  Point,  "F  (®C)  -13  (*25) 

Flaih  Point,  Cleveland  Open  Cup,  *F  (*C)  225  (107) 

Fire  Point,  ®F  CO  230(110) 

Flammable  Limits  in  Air,  % by  volume 

Lower,it  275®F(l35“C)  0.98 

Upper,  at  365*F(I85*C)  1’ 4 

Autoignition  Temperature  (ASTM  D-21SS),  *F  CC)  680  (360) 

NFPA  Classification  30  IHB 

DOT  CbsiiTication  Nonhazardous  Liquid 

DOT  UbcU  Required  None 


Table  15.26:  DIethylene  Glycol  Monobutyl  Ether  Acetate  (41) 


SOLV  DB  Acetate 
Eastman  DB  Acetate 
ARCOSOLV  DBA 
Glycol  Ether  DBA 


CH3- 


C-O-CH2-CH2-O-CH2-CH2-O-C4H 

II 

0 


9 


This  very  hlgh-botllng  glycol  ester  is  used  primarily  os  a solvent  in  printing  Inks  and  high-bake  enamels,  and  os  a co- 
alescing aid  in  latex  paints.  The  very  slow  evaporation  rate  and  the  limited  water  solubility  of  this  solvent  are  es- 
pecially applicable  in  silk  screen  inks  and  as  a component  in  polystyrene  coatings  for  decals.  Also  it  is  a selective 
solvent  in  the  seporation  af  alcohols  and  ketones  by  distillation. 


Molecular  Weight  (theoretical) 

204.27 

Weight/Vol,  20°C,  Ib/gal  (U.  S.) 

8.16 

kg/liter 

0.98 

Ib/gal  (Imperial) 

9.79 

Evaporation  Rate  (n-butyl  acetate  = 1) 

<0.01 

Dilution  Ratio,  toluene 

1.8 

VM  & P naphtha 

0.9 

Flash  Point  (Cleveland  open  cup),  °F 

240 

116 

Freezing  Point,  °F 

-26 

-32 

Vapor  Pressure,  20°C,  mm  Hg 

0.04 

Solubility,  20°C,  wt  %, 


In  water 

6.5 

Water  in 

3.7 

Color  (Pt-Co  Scale),  ppm,  max 

15 

Acidity,  as  acetic  acid,  wt  %,  max 

0.03 

Boiling  Range,  760  mm,  °C 

Initial  boiling  point,  min 

235.0 

Dry  point,  max 

250.0 

Specific  Gravity,  20®/20°C 

0.975-0.985 

Ester  Content,  wt  %,  min 

97.0 

Water,  wt  %,  max 

0.2 

ACETATES 
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Table  15.27:  Propylene  Glycol  Monomethyl  Ether  Acetate  (41) 


ARCOSOLV  PM  Acetate 
DOWANOL  PMA 


Eastman  PM  Acetate 
Glycol  Ether  PM  Acetate 


>ASOL  Acetate  ARCOSOLV  PMA 

Typical  Properties 

Molecular  Weight  (CeHiy09) 

132.2 

Color  (Pt-Co  Scale) 

15 

Evaporation  Rate  (n*butyl  acetate  1) 

0.39 

Weight/Vol  at  20°  C, 

ib/gal  (U.S.) 

8.06 

kg/L 

0.97 

Ib/gal  (imperial) 

9.68 

Solubility  at  20°  C,  wt  % 

In  water 

20 

Water  in 

5.9 

Dilution  Ratio. 

Toluene 

2.6 

VM  & P naphtha 

0.8 

Refractive  Index  at  20°  C 

1.40 

Vapor  Pressure  at  20°  C,  mm  Hg 

3.7 

Specific  Gravity  at  20°/20°C 

097 

Boiling  Range  at  760  mm,  ®C 

Initial  Boiling  Point,  min. 

140 

Dry  Point,  max. 

150 

Flash  Point  by  Setaflash,  ®C  (®F) 

45(114) 

Fiammable  Limits  in  Air,  % by  volume 

Lower  at  78®C  (173°  F) 

1.3 

Upper  at  139*C  (283°F) 

13.1 

Autoignition  Temperature  (ASTM  D 2155),  °C  (°F) 

354  (670) 

DOT  Classification 

Combustible  Liquid 

DOT  Labels  Required 

None 

Table  15.28:  Propylene  Glycol  Monoethyl  Ether  Acetate  (70) 
ARCOSOLV  PEA 


ARCO 

TMOfMMI 

GWiaCN. 

KAMI 

CHOnCAL 

limiCTUK 

CMI 

MOL. 

WT. 

Boun 

PT.*C 

TWiU 

immc 

Gwvmr 

2000 

ISSAM. 

arc 

WTA 

FLAStrf 

EWPOlWnON 

lun 

(t-taAs>ioq 

PMA 

Propylene  Glycol  Methyl  Ether  Acetate 

CHjOCHaCHCHaOCXXHa 

108-65-5 

132.2 

145.8 

0.969 

8.03 

114 

34 

PEA 

Propytene  Glycol  Ethyl  Ether  Acetate 

CHaCHjOCHjCHCHgOOCCHg 

98516-30-4 

146.2 

158 

0.941 

7.83 

129 

19 

m 

DPMA 

Dipropytene  Glycol  Methyl  Ether  Acetate 

CH3|PCH2CHCH3)200CCH3 

88917-22-0 

190.2 

209.3 

0.976 

8.18 

186 

<1 

EMA 

Ethylene  Glycol  Methyt  Ether  Acetate 

ch3(x;2H400cch3 

110-49-6 

118.14 

145 

1.006 

8,37 

120 TCC? 

35 

u> 

EEA 

Ethylene  Glycol  Ethyl  Ether  Acetate 

C2H5CX)2H400CCH3 

111-15-9 

132.16 

150 

0.973 

8.11 

130TCC? 

20 

V 

V 

EBA' 

Ethylene  Glycol  Butyl  Ether  Acetate 

C4H90C2H400CCH3 

112-07-2 

160.21 

186 

0.941 

7.84 

160  TCC^ 

3 

t/3 

LU 

DEA 

Diethylene  Glycol  Ethyl  Ether  Acetate 

C2Hs(0C2H4)200CCH3 

112-15-2 

176.21 

214 

1.012 

8.42 

225  Coes’ 

0.8 

DBA 

Diethylene  Glycol  Butyl  Ether  Acetate 

C4H9(CX)2H4)200CCH3 

124-17-4 

204.27 

235 

0.980 

8.16 

240  COG* 

0.2 

HANSEN  SOLUfilL 

^PMUMETERS 

I 

XUL. 

suRF.imioa 

ttnnrwu 

cos 

COS 

COS 

COS 

tCATOF 

SPECV1CHEAT 

ARCO 

REF.  MOex 

OYIKSICM 

VlK.tpt. 

HANSEN 

HANSEN 

HANSEN 

TOTAL 

VAPOnZ. 

Hll 

TMOENAIIE 

arc 

at 

at 

at 

at 

0 

P 

H 

HANSEN 

CAUt 

at 

DAVKS 

1 

34 

18 

1.400 

27.4 

3.8 

1.1 

7.5 

2.3 

4.2 

8.9 

87.0 

0.42 

8.3 

... 

19 

10 

1.401 

26.3 

1.5 

1.3 

7.5 

2.0 

3.9 

8.7 

69.0 

0.44 

7.9 

<1 

12 

1.414 

28.3 

0.05 

2.1 

7.3 

2.3 

3.9 

6.6 

59.1 

0.42 

8.2 

% 

35 

100 

1.4025 

34.0 

2 

1.1 

7.2 

4.8 

4.4 

9.9 

81.7 

8.6 

20 

24 

1.4030 

28.2 

1.7 

1.3 

7.8 

2.3 

5.2 

9.7 

8.3 

0> 

V 

3 

1 

1.4142 

30.3 

0.29 

1.8 

7.5 

2.2 

4.3 

8.9 

7.4 

{/> 

LU 

oa 

100 

1.4220 

31.7 

0.05 

2.8 

7.9 

2.5 

4.5 

9.4 

8.7 

0.2 

6 

1.4239 

30.0 

0.04 

3.2 

7.8 

2.0 

4.0 

9.0 

7.7 

(continued) 
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Table  15.28:  (continued) 


Regulatory  Information 


Bii 

BliB 

III 

umi 

2 

2 

1 

2 

2 

2 

0 

0 

0 

B 

X 

B 

0 

1 

0 

2 

2 

2 

0 

0 

0 

no 

no 

no 

no 

no 

no 

1 

2 

yes 

yes 

1 

2 

yes 

yes 

2 

0 

yes 

yes 

1 

0 

yes 

yes 

t 

0 

yes 

yes 

Table  15.29:  DIpropylene  Glycol  Monomethyl  Ether  Acetate  (DPMA)  (70) 

ARCOSOLV  DPMA  Glycol  Ether  DPM  Acetate 

DOWANOL  DPMA 


ARCOSOLV* 
DPM  Acetate 

Dipropylene  Glycol 
Methyl  Ether 
Acetate  (DPMA) 

190.2 

210 

186 

.972 

<1 

0.2 

8.14 

ARCO 
Chemical 
Company  j 

Nomenclature 

Viscosity 
(centistcKes) 
at  25  C 

Surface 
Tension 
dyncs'cm 
a!  25  C 

Freeze 

Point 

"F 

SoiubMity 
Parametc'"  . 

SoiubHiry 
in  Vl3\e- 
ml/100 

Tradenames  of 
Competitive  Pi-oducts 

Union 

Carbide  Eastman 

ARCOSOLV* 
DPM  Acetate 

■ 

28.3 

(O 

1 

V 

8.3 

12.3 

- 

1.  Values  should  not  be  regarded  as  spedficaUons,  maxima  or  minima. 

2.  Flash  points  below  20<y‘F  by  Tag  Closed  Cup.  Flash  points  above  20(r  by  Pensky- 
Martens  Closed  Cup. 

3.  For  a discussion  of  solubility  parameters,  see  H.  flume/.  I^ter&^emical  Review.  Vol.  14. 
No.  1. 


Table  15.30:  Propylene-Based  Glycol  Ether  Acetate  (23) 


DOWANOL  BC-300 


DOWANOL 

CHEMICAL 

NAME 

STRUCTURAL 

FORMULA 

*w5ow^ 

OoilbM 

Pt.*C 

760 

mmH| 

FM 

Point 

•F 

Evip. 
Rata 
BaAc 
s 1.00 

Spoelfk 

Gravity 

2S/2S*C 

BC-300 

Propylene-Based 
Gly^  Ether  Acetate 

— 

145.0* 

210.0 

1083 

0.21 

0.97 

U/Gll 

25*C 

Viscosity 

Conti- 

ttakos 

25X 

Vapor 

Pressore 

at2S<C 

(imiHg) 

Surface 

Taosion 

(dynes/ 

cm) 

1 DILUTION  RATIO  I 

1 SOLVENT  CONSTANTS 

Tolaeiia 

Naphtha 

Saiablllty 

PannMtcn^ 

Hydrayto 

8oo«flg< 

Dipete 

Haaeat 

(Ochyc) 

SalaMItty 
hi  Water 
m(/1IMtnl 

6.09 

1.28 

*3.7 

27.9 

2.4 

0.5 

9.1 

9.6 

1.6 

20.3 

* Solutvlity  Pinnwtm  are  useful  as  a guide  in  dcterniinino  the  ability  of  a solvent  or  solvent  mixture  to  dissolve  resins.  A discussion  of  solubilfty 
parametofs  and  Dm  basis  for  these  values  are  contained  in  an  article  tv  H.S.  Burrelt  in  the  Spring  1955  issue  of  /ofereheeica/flevMW. 
t A discussion  of  the  hydrogen  bonding  parameter  is  contained  in  an  articie  by  Allen  A.  Orr  in  the  August  1975  issue  otJoanalalPiM  hchnohify,  Vol. 
47,  No.  607,  p^ies  4M9.  This  particular  article  was  the  basis  of  the  listed  values  of  the  hydrogen  bonding  parameter. 
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PROPIONATES 


CH3CH2COOR 

The  propionic  esters  are  very  similar  to  the  acetic  esters  in  physical  and  chemical  properties  with  the  difference  that  the 
former  have  a higher  boiling  point,  lower  evaporation  rate  and  a lesser  power  of  solubility.  They  are  miscible  with  many 
of  the  lacquer  solvents  and  diluents  and  possess  a distinctive  but  not  a disagreeable  odor.  The  consumption  of  these  esters 
for  solvent  purposes  is  relatively  small  compared  to  the  highly  developed  acetate  esters. 


Table  15.31:  Methyl  Propionate  (2) 


CH^CH^COOCH^ 

Methyl  propionate  has  been  advocated  as  a solvent  for  cellulose  derivatives.  When  it  is  admixed  with  other  propionates 
(such  as  ethyl,  propyl,  butyl  and  amyl)  the  mixture  wit!  dissolve  cellulose  ethers  and  esters. 

Boiling  point  91  ®C  . 

Specific  gravity  0,937  (4®C.) 

Table  15.32:  Ethyl  Propionate  (2) 

Propionic  Ether  CH^CH2C0CX:H2CH2 

Propionic  Ester 

Ethyl  propionate  is  a colorless  liquid  with  an  odor  resembling  that  of  pineapples.  It  is  a solvent  for  cellulose  ethers  and 
esters  and  for  a variety  of  natural  and  synthetic  resins.  It  is  used  principally  as  an  ingredient  In  soft  drinks  and  fruit 
syrups. 


Acidity  (its  propionic) 
DiBtiDatioi)  range 
Color 

Toluene  dilution  ratio 
Dryness 


0.02%  by  \vt,  max 

90  to  100%  between  80  and  120“C 

Water-white 

2. 5-3.0 

No  turbidity  with  19  volumes  gasoline 


Evaporation  rate 

Purity 

Residue 

Sj>ecific  gravity  at  15i"C 
Weight  per  gal 


Slower  than  ethyl  acetate 
85  to  90% 

None 

0.870-0 .880 
7.35  lbs 


Table  15.33:  n-Butyl  Propionate  (2) 


CH^CH^COOC^H^ 

n-Butyl  propianate  is  a water-white  liquid  with  an  apple-like  odor.  It  is  miscible  with  most  of  the  lacquer  solvents  and 
diluents  and  with  oils  but  not  miscible  with  water.  It  is  a solvent  for  nitrocellulose  and  mony  of  the  natural  and  synthetic 
resins.  When  an  active  solvent  is  added  to  it,  butyl  propionate  will  dissolve  many  of  the  cellulose  esters  and  ethers.  It 
It  may  be  used  os  a solvent  in  locquer  fobricotion  where  it  imparts  gloss,  adhesion  and  prevents  blushing.  It  is  also  used 
to  replace  butyl  and  amyl  acetate  when  lower  volatility  and  slower  evaporation  are  desired. 


Acidity  (os  propionic) 

0.35%  by  wt,  max 

Evaporation  rate  at  95*F  (in 

Blush  resistance  at  (10%  i 

Clear  85%  Relative  humiditv 

minutes) 

sec.  R.S.  nUrocellulose  solu- 

Blush 90% 

5% 

tion) 

25% 

12 

50% 

241 

75% 

<1* 

Distillation  range 

120-175"C 

90% 

56* 

CoefTicient  of  c.xpansion 

95% 

63* 

per  VF 

0.00000 

Flash  point 

63*F 

per  rc 

0.001 

Non-volatile  matter 

0.005  gm/100  cc, 

Color 

Water-white 

Purity 

90-92% 

Dilution  ratio 

Residue 

None 

Toluol 

2.1 

Solubility  of  water  in  solvent 

1.2%  by  vol 

Petroleum  naphtha 

1.2 

at  26°C 

Distillation  range; 

Specific  gravity  at  »/20*C 

0.868-0.872 

Below  120“C 

None 

Viscosity  (10%  i sec.  R.S.  ni- 

5.9 centipoises 

Below  I40®C 

Not  more  than  50% 

trocellulose  solution) 

Below  1S0"C 

Not  less  than  85% 

Weight  per  gal  at  20°C 

7.24  lbs 

Above  1G0"C 

None 

Dryness  at  20*C 

Miscible  without  turbidity  with  20 

volumes  60°  Bd  gasoline 
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Table  15.34:  Amyl  Propionate  (2) 


Amyl  propionafe  is  a colorless,  volatile  liquid  with  an  apple-like  odor.  It  will  dissolve  cumar  resins,  elemi,  ester  gum, 
mastic,  copal,  kauri,  sandarac,  and  nitrocellulose  and  jt  is  miscible  with  most  lacquer  solvents  and  oils.  It  has  a slow 
solvent  action  upon  cellulose  ethe/s  thus  acting  as  a latent  solvent  and  this  latency  can  be  overcome  when  acetone  or 
ethyl  alcohol  is  added  to  it.  It  has  similar  solvent  properties  to  amyl  acetate  but  is  not  as  rapid  and  its  solutions  are  more 
viscous,  \t  has  a slower  rate  of  evaporation,  and  it  has  a more  agreeable  odor.  It  is  used  as  a desirable  high-boiling  lac- 
quer solvent  importing  gloss,  blush  resistance  and  a reduction  in  "orange  peel"  effect.  It  is  also  used  in  flavoring  and 
perfumery . 


Acidity  (aa  propionic) 

Blush  resistance  at  90*F  (10% 
i sec.  R.S.  nitrocellulose  so- 
lution) 

Coefficient  of  expansion 
per  IT 
per  1“C 
Color 

Dilution  ratio 
Toluol 

Petroleum  naphtha 
Distillation  range: 

At  or  below  110°C 
At  or  below  ISO^C 
At  or  below  170“C 
Above  175“  C 
Non-volatile  matter 
Residue 

Solubility  of  water  in  solvent 
at  25“C 

Specific  gravity  at  20/20“C 
Viscosity  (10%  i sec.  R.S.  ni- 
trocellulose solution) 

Weight  per  gal  at  20“C 


0.030%  by  wt,  max 

Clear  90%  Relative  humility 

Blush  95% 


0.00060 

0.00108 

Water-white 

1.4 

0.7 

None 

Not  more  than  40% 

Not  less  than  90% 

None 

Not  more  than  0.005  gms  per  100  cc 
None 

0.3%  by  vol 


0.869-0.873 
106  centipoisea 

7.25  Ibe 


Table  15.35:  Ethyl  3-Ethoxyproplonate  (19) 


Typical  Properties 


Molecular  Weight 

146.19 

Boiling  Point  at  760  mm  Hg,  ®C 

170.1 

Vapor  Pressure  at  20°C,  mm  Hg 

<1 

Relative  Evaporation  Rate  (BuAc  = 100) 

11 

Apparent  Specific  Gravity  at  20/20°C 
Solubility  Parameters 

0.950 

Total 

9.0 

Polar 

4.1 

Hydrogen  Bonding 

Solubility  of  Pure  Material  at  20®C,  % by  wt 

4.0 

1 n water 

1.6 

Water  In 

1.9 

Pounds  per  Gallon  at  20*C 

7.91 

Flash  Point,  Closed  Cup,  *^ 

136 

Surface  Tension  at  25®C,  dynes/cm 

27.3 
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BUTYRATES 


Bufyrates  do  nof  find  extensive  use  in  the  solvent  industry  because  of  their  relatively  unpleasant  odor  and  higher  price. 


Table  15.36:  Methyl  Butyrate  (2) 


CH^CH2CH2C00CH^ 


Methyl  butyrate  is  a solvent  for  ethyl  cellulose  and  when  it  is  mixed  with  active  solvents  it  will  dissolve  nitrocellulose. 


Boiling  point  102®C. 

Specific  gravity  0.898  (20®C.) 


Table  15.37:  Ethyl  Butyrate  (2) 


CH^CH^CH^COOC^H^ 


Ethyl  butyrate  is  a nontoxic  liquid  having  an  odor  suggestive  of  pineapples.  Its  solvent  properties  lie  between  those  of 
ethyl  acetate  and  n-butyl  acetate,  and  when  mixed  with  other  solvents  it  will  dissolve  cellulose  esters  and  ethers,  and 
many  of  the  natural  and  synthetic  resins.  It  is  used  in  flavors. 


Boiling  point 
Flash  point 
Specific  gravity 


120*^0. 

23  ®C. 

0.879  (20®C.) 


Table  15.38:  n-Butyl  Butyrate  (2) 


CH3CH2CH2C00C^H^ 


Butyl  butyrate  is  a water-white,  neutral  liquid  with  an  apple-like  odor.  The  commercial  grade  is  composed  of  a mixture 
of  the  isomeric  esters.  It  is  a solvent  for  nitrocellulose,  "Cumar"  resins,  dammar,  ester  gum,  elemi,  shellac,  and  metallic 
resina  tes. 


Acidity  (ae  butyric) 
Boiling  point 
Distillation  range 
Critical  temperature 
Toluene  dilution  ratio 
Dryness 


Flash  point 
Purity 

Refractive  index 
Residue 

Specific  gravity  at  20/20*'C 
Specific  heat  at  20*’C 
Surface  tension  at  157*0 
Vapor  pressure  at  20“C 
Viscosity  at  25*C  . 

Weight  per  gal 


0.02%  by  wt,  max 
156.9*  C 

95-100%  between  140-1 70*C 
338*C 
1. 8-2.0 

No  turbidity  with  19  vol  60*  gas- 
oline 

Complete,  standing  at  least  19  vols 
gasoline  without  turbidity 
51*C 
90-95% 

1.4035 

None 

0.8717 

0.458 

12.0 

113  mm  Hg 
0.84  centipoises 
7.25  lbs 
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Table  15.39:  Ethyl  Hydroxy-Isobutyrate  (2) 


Ethyl  Oxybotyrote 


CH,  OH 


CH 


C00C2H^ 


Ethyl  hydroxy- isobuty rote  is  a water-white,  stoble  liquid  of  a mild  odor.  It  is  a solvent  for  cellulose  nitrate  and  acetate 
and  when  mixed  with  other  solvents  it  will  also  dissolve  cellulose  ethers.  Its  solvent  action  is  somewhat  comparable  with 
thot  of  ethyl  lactate,  differing  in  the  following  aspects: 


Its  solvent  oction  is  slower  ond  requires  the  presence  of  on  active  solvent  to  accentuate  it. 
Its  solutions  of  nitrocellulose  are  more  viscous. 

Its  tolerance  for  hydrocarbons  is  about  the  same  as  far  as  it  concerns  nitrocellulose  and  is 
lower  in  the  presence  of  acetyl  cellulose. 

Its  volatility  is  higher. 


Ester  content  96-100% 

Boiling  range  142®-146®C. 

Specific  gravity  0.978-0,986  (20®C.) 


Table  15.40:  Isobutyl  Isobutyrate  (41) 


CH3-CH--C-0-CH2-CH-CH3 
I H I 

CH3  0 CH3 


Isobutyl  isobutyrote  is  a slow  evaporating  solvent  with  blush  resistance,  good  flow  and  leveling  which  are  favorable 
properties  in  formulating  cellulose  nitrate.  Its  solvent  activity  is  equivalent  to  methyl  amyl  ocetote  ond  is  there- 
fore used  as  a direct  substitute  in  many  formulations. 


Molecular  Weight  (CgHj^O^) 

144.22 

Boiling  Range,  760  mm,  °C 

Color  (Pt-Co  Scale),  max 

15 

Initial  Boiling  Point,  min 

144 

Weight/Vol,  20"C, 

Dry  Point,  max 

151 

Ib/gal(U.S.) 

7.13 

Freezing  Point,  ®F  (°C) 

-112  (-80) 

kg/liter 

0.86 

Flash  Point,  Tag  Closed  Cup,  (°C) 

101  (38) 

Ib/gal  (Imperial) 

8.56 

Tag  Open  Cup,°F(®C) 

1 1 1 (44) 

Solubility,  20°C,  wt  % 

Fire  Point,  ®F  ^C) 

115(46) 

in  water 

<0.1 

Flammable  Limits  in  Air,  % by  volume 

Water  in 

<0.2 

Lower,  at  200®F  (93®C) 

0.96 

Evaporation  Rate  (n-butyl  acetate  = 1) 

0.4 

Upper,  at  200®F  (93®C) 

7.59 

Dilution  Ratio,  toluene 

1.5 

Autoignition  Temperature  (ASTM  D-2155),  °F  (®C) 

810(432) 

VM  & P naphtha 

0.8 

NFPA  Classification  30: 

II 

Refractive  Index,  20°C 

1.3913 

DOT  Labels  Required 

None 

Vapor  Pressure,  20°C,  mm  Hg 
Specific  Gravity,  20°/20°C 

3.2 

0.855 

DOT  Classification 

Nonhazardous  Liquid 

Table  15.41:  2,2,4-Trlmethylpentanediol-1,3-Monolsobutyrate  (41) 


Evaporation 

Lb/ 

Color 

Specific 

Acidity,  as 

Boiling 

Freezing 

Flash  Point 

Fire 

Rate 

Gal  @ 

Pt-Co 

Gravity 

Acetic  Acid 

Range 

Point 

COC 

Point 

n-BuOAc  s 1 

20®C 

Max 

20®/20“C 

Max  Wt  % 

®c 

«c 

«C  (*F) 

•C  CF) 

TEXANOL^  Ester  Alcohol  0.002 

7.90 

20 

0.950 

0.2 

244-247 

-50 

120  (248) 

132  (270) 

(2,2,4-Trimethyl-1,3-pentanediol  Monolsobutyrate)  (isobutyric) 

C12H24O3 
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COMPARATIVE  DATA 

Table  15.42:  ARCOSOLV  PM  Acetate  and  ARCOSOLV  PE  Acetate  (70) 

ARCOSOLV  PMA  is  a colorless,  combustible  liquid  with  low  toxicity.  It  has  a characteristic  ester  odor  and  is 
soluble  In  water  to  the  extent  of  18%  at  20°C.  It  has  excellent  solvency  for  a variety  of  substances  including 
acrylic,  nitrocellulose  and  urethane  coating  resins.  ARCOSOLV  PMA  is  a substitute  for  ethylene  glycol  (E-series) 
ether  acetates,  particularly  EEA  and  EMA. 


Product  Identification 

Chemical  Name 1-Methoxy-2-Propanol  Acetate 

Chemical  Family Propylene  Glycol  Ether  Acetate 

Other  Names Methoxy  Propanol  Acetate 

Propylene  Glycol  Methyl  Ether  Acetate 

1- Methoxy  Propanol  Acetate 

Chemical  Formula C0H12O3 


Product  Specifications' 


Specific  Gravity 
@ 2y25°C 

0.963  - 0.966 

ASTM  D-891 

Distillation  @ 
760mm  Hg 
IBP,  min. 
DP,  max. 

0 0 

ASTMD-1078 

Acidity,  virt.  % as 
acetic  acid,  max. 

0.02 

ASTM  D-1613 

Water, 
wt.  %,  max. 

0.05 

ASTM  E-203 

Color, 

APHA,  max. 

10 

ASTM  E-1209 

GC  Purity, 
wt.  %,  min. 

99.0 

ACC  8314 

' 50-75  ppm  BHT  is  added  to  control  peroxides. 


Typicai  Properties 


• Autoignition  temperature  (°F) 522 

» Density  (pounds  per  gallon  at  25°C) 8.0 

• Evaporation  Rate  (BuAc  = 100) 34 

• Flammability  Limits  (Lower/Upper  Vol.  %)  ....1.5/10 

• Flash  Point  (Tag  Closed  Cup)  °C  (°F) 47  (116) 

• Solubility  by  weight  in  water  at  20°C  18 

. Solubility  by  weight  of  water  in  at  20°C  6 

• Solubility  Parameter  (Total  Hansen) 9.2 

^Surface  Tension  (Dynes/cm)  @ 25°C  (77°F)  27 

Refractive  Index  @ 25°C  (77°F) 1 .40 

• Viscosity  (centistokes)  @ 25°C  (77°F) 1.1 

• Vapor  Pressure  @ 25°C  (mm  Hg) 3.8 


(continued) 
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Table  15.42:  (continued) 

ARCOSOLV  PEA  is  a colorless,  liquid  with  a low  order  of  toxicity.  It  has  a mild,  ether-like  odor.  It  is  slightly 
soluble  in  water  but  miscible  with  a number  of  organic  solvents  and  has  good  solvency  for  a number  of 
substances. 


Product  Identification 

Chemical  Name 
«;  Ethoxy  Propanol  Acetate 

Other  Names 

r Propylene  Glycol  Monoethyl 
Ether  Acetate 

Chemical  Family 

B Propylene  Glycol  Ether  Acetate 
Chemical  Formula 

■ C7FI14O3 


Product  Specifications 


Property 

Specifications 

Test  Method 

Specific  Gravity  @ 20/20°C 

0.942  - 0.948' 

ASTM  D-891 

Distillation  @ 760mm  Hg 

IBP,  Initial  Boiling  Point,  min. 

148°C 

ASTM  D-1078 

DP,  Dry  Point,  max. 

168°C 

Acidity,  wt.  % as  acetic  acid,  max. 

0.02 

ASTM  D-1613 

Water,  wt.  %,  max. 

0.05 

ASTM  E-203 

Color,  APHA,  max. 

15 

ASTM  D-1209 

' Equivalent  specific  gravity  range  at  25°/25°C  is  0.934  - 0.940 


Typical  Properties 


■ Boiling  Point  “C  (°F) 158  (316) 

B Density  (pounds  per  gallon  at  20°C) 7.5 

r Evaporation  Rate  (nBuAc  = 1) 0.19 

K Flash  Point  (SETA)  °C  (°F) 54  (129) 

e Formula  Molecular  Weight 146 

a Refractive  Index  @ 25°C 1.40 

E Solubility  by  weight  in  water 10% 

» Viscosity  (centistokes)  @ 20°C  (68°F) 1.3 

St  Vapor  Pressure  @ 20°C  (68°F)  (mm  Hg) 1.5 
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Table  15.43:  Ashland  Ester  Solvents  (69) 


PRODUCT 

LB. /GAL 
20^  C 

SP.  GR. 
20^/20^  C 

BOILING  RANGE 

oc  op 

FL  PT. 
"F  TCC 

EVAP 
RATE  ^ ! 

Ethyl  Acetate  99% 

7.51 

0.902 

75.5-78.0 

168-172 

24 

4.1  I 

Isopropyl  Acetate  99% 

7.27 

0.872 

85-90 

185-194 

42 

n-Propyl  Acetate 

7.39 

0.888 

99-103 

210217 

55 

2.3 

Ethyl  Propionate 

7.42 

0.892 

99- 

210 

61 

3,1 

Isobutyl  Acetate 

7.25 

0.870 

112-119 

234-246 

63 

1.6 

n-Butyl  Acetate  99% 

7.35 

0.882 

120-128 

240262 

81 

1.0 

Glycol  Ether  PM  Acetate 

8.06 

0.970 

140150 

284-302 

114 

0.4 

Amyl  Acetate  (primary) 

7.29 

0.876 

142-152 

280306 

101 

0.49 

Isobutyl  Isobutyrate 

7.13 

0.855 

144-151 

291-304 

104 

0.45 

n-Butyl  Propionate 

7.29 

0.876 

145- 

292- 

97 

0.45 

Ester  Solvent  EEP 

7.91 

0.950 

165-172 

320342 

136 

0.12 

n-Pentyi  Propionate 

7.27 

0.872 

168- 

334- 

138 

0.18 

Glycol  Ether  EB  Acetate 

7.84 

0.942 

186-194 

367-381 

165 

0.03 

2-Ethylhexyl  Acetate 

7.26 

0.872 

192-205 

370401 

160 

0.03 

Glycol  Ether  DPM  Acetate 

8.12 

0.976 

193-205 

370401 

186 

<0.01 

Dibasic  Ester 

9.10 

1.092 

196-212 

380414 

212* 

<0.01 

Glycol  Ether  OE  Acetate 

8.41 

1.011 

214-221 

417-430 

225® 

<0.01 

Glycol  Ether  OB  Acetate 

8.16 

0.980 

235-250 

450482 

221® 

<0.01 

1 1 n-Butyl  Acetate  « 1 *PMCC 

Table  15.44:  Chemcentral  Esters  (67) 


ESTERS 

CAS 

Mole 

Weight 

% 

Purity 

Comm. 

Spec. 

Gray. 

Lbs./ 

Gal. 

CooH. 

of 

Expan. 

.'iSp,  Gr. 

Per 

Refrac- 

tive 

Distillation  Range 
@ 760  mm  Hg 

Vapor 
Press. 
@ 20*C 

Prod. 

20/20®C 

20“C 

Per  °C 

20’’C 

“C 

op 

mm  Hg 

AMYL  ACETATE  (Primary) 

628-63-7 

130  18 

95 

0 876 

7 29 

0.00115 

00080 

1.4018 

104-150 

284  302 

40 

ISO  butyl  ACETATE 

no- 19-0 

1 16.16 

90 

0 868 

7 26 

0.00137 

.00098 

1.3892 

> 12  1 19 

233  246 

12  5 

n BUTYL  acetate 

1 23-86-4 

1 16  16 

98 

0 882 

7 35 

0.00113 

00082 

1.3947 

120  128 

248  262 

7 8 

GLYCOL  ETHER  08  ACETATE 

124-17-4 

204  26 

95 

0 980 

8 16 

0.00097 

00072 

1 4265 

235  259 

455-482 

0 001 

GLYCOL  ETHER  EB  ACETATE 

112-07-2 

160.22 

99 

0.942 

7.84 

0.00104 

.00076 

1.4200 

188-192 

370-378 

0.29 

GLYCOL  ETHER  DE  ACETATE 

1 12  15-2 

176.21 

97 

1 on 

8 41 

0.00101 

.00078 

1 4230 

214  221 

417-430 

0.05 

GLYCOL  ETHER  EE  ACETATE 

11115-9 

132  16 

95 

0 974 

8 11 

0.00112 

00086 

J^58 

145  166 

293-331 

17 

GLYCOL  ETHER  EM  ACETATE 

1 10-49-6 

146 

99  ' 

I 006 

8 37 

0.00109 

00084 

1 4025 

140-147 

284  297 

2 0 

GLYCOL  ETHER  PM  ACEUTE 

108  6S”6 

132  16 

99 

0 969 

8 07' 

1 400 

140-150 

284^302 

3.r 

ETHYL  ACETATE  (85-88%) 

141-78-6 

88.11 

■ 95-88~ 

0.886 

7.38 

0.00139 

.00102 

1.3698 

71-79 

180-174 

88.0 

ETHYL  acetate  (99%) 

141  78  6 

88  1 1 

99 

0 902 

7 51 

0 00139 

00104 

1 3710 

76  77  5 

169  172 

760 

F.TMVt  3 ETHOXY  PROPINATE  (EEP) 

763  69  9 

146  19 

99 

0944 

7 84 

163  166 

320330 

Ml 

ISO  Pn{)Ptl.  ACETATE 

tOS  21  4 

102  14 

99 

0 872 

7 26 

0 00 II 5 

00094 ~ 

1 3779 

65  90 

IBS  194 

47  5 

n PMOPTl  ACETATE 

109-60-4 

102  14 

96 

0 886 

7 .19 

0 0013 

00696 

99  103 

210  21 7 

23  0 

isobutyl  isobutyrate  I 

97-85-8 

~m.21 

99 

0.855 

7.13 

I4^5T1 

291-304 

3.2 

OtflAStC  ESTEH  (OBF) 

160  0 

99 

1 086 

9 0 

196  225 

.185  437 

ESTERS 

Evap. 

Rate 

vs. 

SolubUitv  % by 
Wt.  @ 20«C 

Oilulion 

Ratio 

Bl.  Res. 
%Rel. 

V.8% 

NC  @ 
25°C 

Freeia 

Point 

Flash 

Point 

T.C.C. 

Explosive 
Umits  % by 
Voi.  In  Air 

Solu- 

bility 

Param- 

B.  Acet.  = 1 

In  H,0 

Of  H,0 

Toluol 

Lactol 

@ BO^F 

CPS 

•F 

1 Lower 

upper 

atar 

AMYL  ACETATE  (Primary) 

0.4 

0.2 

0.9 

92 

41 

too 

M 

75 

8 5 

iso -BUTYL  ACETATE 

1.45 

0 75 

1.64 

80 

35 

-97  I 

10.5 

8 4 

n - BUTYL  ACETATE 

1.0 

BBi 

1.6 

83 

33 

-73  5 

7 6 

8 7 

GLYCOL  ETHER  DB  ACETATE 

<0.01 

WBm 

3.7 

96 

201 

-32  2 

5,0 

8 5 

GLYCOL  ETHER  EB  ACETATE 

0.03 

— 

1.6 

■QHI 

1.2 

98 

92 

-63.5 

§■■11111 

8.5 

GLYCOL  ETHER  DE  ACETATE 

< 0.01 

0)0 

0.6 

92 

158 

25 

230- 

6 9 

8.5 

GLYCOL  ETHER  EE  ACETATE 

0.2 

23  8 

6.5 

0 9 

94 

65 

61  7 

130 

6 7 

GLYCOL  ETHER  EM  ACETATE 

0 2 

OtJ 

0)0 

0.6 

“ 80  ’ 

63 

- 65  1 ’ 

120 

9 2 

GLYCOL  ETHER  PM  ACETATE 

0.39 

20 

5 9 

0.8 

92 

65 

114® 

RB 

13  1 

8 8 

ETHYL  ACETATE  (85-68%) 

4.a 

7.4 

3.1 

HEOH 

1.2 

38 

M 

[“  < -83.'6 

26 

nrnH 

11.0 

9.t 

ETHYL  ACETATE  (99%) 

4 1 

7 4 

3 3 

It 

39 

23 

1 -83  6 

24 

22 

no 

9 1 

ETHYL  3 ETHOXY  PROPINATE  (EEP) 

0 12 

2 9 

52 

1 

136® 

1 05 

9 1 

iso  - PROPYL  acetate 

3 1 

2.9 

1 8 ' 

\ 2 

69 

25 

69 

35 

fa 

80 

8 6 

n - PROPYL  ACETATE 

1 2.3 

23 

■a 

15 

65 

25 

95 

55 

20 

6.0 

8 8 

ISOBUTYL  isobutyrate 

0.43 

< 0.1 

0.8 

92 

-81 

97* 

"“To" 

L 

20 

212 

• Tag  Open  Cup  ®Sel«  Closed  (^iip 


Table  15.45:  CPS  Chemical  Esters  (15) 


SALES  SPECIFICATIONS: 


Butyl  Lactate 

Ethyl  Lactate* 

Purity.  % ester 

95.0  minimum 

98.0  minimum 

Specific  Gravity,  20/20 

0.970  to  0.990 

1.032to  1.035 

Acid  value 

0.5  maximum 

0,5  maximum 

Water,  wt.  % 

0.2  maximum 

0.3  maximum 

Color.  APHA 

25  maximum 

25  maximum 

‘Electronic  grade  also  available 

Table  15.46:  Eastman  Glycol  Ether  Esters  (41) 


PHYSICAL  PROPERTIES: 


Butyl  Lactate 

Ethyl  Lactate 

Flash  point.  X 

76 

48 

Freezing  point,  °C 

-46 

-25 

Boiling  point,  °C  @ 760  mm  Hg 

188 

154 

Vapor  pressure  mm  Hg  @ 20°C 

0.4 

2 

Vapor  density  (air  = 1) 

5.04 

1.03 

Relative  evaporation  rate 

(butyl  acetate  = 1) 

0.044 

0.29 

Molecular  weight 

146.2 

118,1 

Pounds  per  gallon 

8.15 

8.59 

Odor 

mild 

mild 

Appearance 

water  white  liquid 

water  white  liquid 

Esters  839 
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Table  15.47:  Hoechst  Celanese  Esters  (42) 


(Acetic  Acid,  Ethyl  Ester,  Ethyl  Acetic  Ester,  Ethyl  Ethanolate,  Acetidin) 

Physical  Properties 


Autoignition  Temperature,  °C  426.7 

Boiling  Point  at  760  mm  Hg,  °C  77 

Boiling  Point  at  760  mm  Hg,  °F  1 7^ 

Coefficient  of  Themnal  Expansion 

per  °C  (at  20°C)  0.001 41 

Critical  Pressure,  atmospheres  (est)  37.8 

Crrtica!  Temperature,  °C  (est)  250 

Evaporation  Rate  (BuAc  =1)  4.5 

Flammable  Limits 

(lower  limit,  vol  %)  2.0 

(upper  limti,  vo!  %)  1 1 .4 

Flash  Point,  Tag  Open  Cup,  °F  56 

Tag  Closed  Cup,  °F  24 

Freezing  Point,  °C  -83 

Heat  of  Combustion, 

kcaUmole  (liquid,  25°C)  534.3 

Heat  of  Formation, 

kcal/mole(liquid,  25°C)  -115.2 

Heat  of  Fusion,  cal/gm  28.43 

Heat  of  Vaporization,  btu/lb 

at  nomial  boiling  point  1 58 

Molecular  Weight  88. 1 1 

Refractive  Index  n“  1.3719 

Solubility  at  20®C,  wt  % In  water  8.7 

wt  % water  In  3.3 

Specific  Gravity,  20/20°C  0.901 9 

Specific  Heat  of  Liquid,  caI/gm/°C 

at  20°C  0.459 

Surface  Tension  in  Air  at  20°C 

dynes/cm  23.7 

Vapor  Density  (air  = 1 ) 3.0 

Vapor  Pressure,  mm  Hg,  20°C  73 

Viscosity  at  20°C,  centipoise  0.46 

Weight,  pounds  per  gallon  at  20°C  7.51 


Autoignition  Temperature,  °C 

460 

Critical  Properties; 
Temperature,  °C 
Pressure,  atm 
Volume.  cmVmol 
Conpressibility  Factor  (ZJ 

257.85 

35.7 

312 

0.255 

Density: 

Liquid  (20°C) 
Vapor  (air  = 1 .0) 

0.8718 

3.5 

Explosive  Limits  (25°C),  vol  % 
Lower  (LEL) 

Upper  (UEL) 

1.76 

7.20 

Flash  Point  (TCC),  °C 

22 

Latent  Heat  of  Vaporization 
(25°C),  kcal/mol 

8.89 

Liquid  Specific  Heal  (25°C).  cat/g°C 

0.460 

Liquid  Viscosity  (20°C),  cenlipose 

0.60 

Melting  Point,  °C 

-73.4 

Molecular  Weight 

102.134 

Normal  Boiling  Point,  (n-bp),  °C 

88.6 

Refractive  Index,  (nj)  at  20°C 

1.3791 

Standard  Net  Heal  of  Combustion, 
kcal/mol 

-632.9  (gas) 

Surface  Tension  (20°C),  dyne/cm 

22.3 

Vapor  Pressure  (20°C),  mm  Hg 

47 
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Table  15.47:  (continued) 


n-Propvi  Acetate 

(Acetic  Acid,  Propyl  Ester,  Normal  Propyl  Acetate) 

Physical  Properties 


Isobutvl  Acetate 

(Acetic  Acid,  Isobutyl  Ester,  2-Methyl-1 -Propyl  Acetate,  B-Methylpropyl  Ethanoate) 

Physical  Properties 


Autoignrtion  Temperature, 

450.0 

Boiling  Point  at  760  mm  Hg,  °C 

101.6 

Boiling  Point  at  760  mm  Hg,  ®F 

214.9 

Evaporation  Rate  (BuAc  = 1) 

2.2 

Rammable  Limits 
(lower  limit,  vol  %) 

2.0 

(upper  limit,  vol  %) 

8.0 

Rash  Point,  Tag  Open  Cup,  °F 

70 

Tag  Closed  Cup,  ®F 

55 

Freezing  Point,  ®C 

-92.5 

Heat  of  Vaporization,  btu/lb  at 
normal  boiling  point 

145 

Molecular  Weight 

102.13 

Solubility  at  20®C,  wt  % in  water 

2.3 

Specific  Gravity.  20I2QPO 

0.8870 

Specific  Heat  of  Liquid. 
cal/grrV®C  at  20® 

0.459 

Vapor  Density  (air  = 1) 

3.5 

Vapor  Pressure.  20®C,  mm  Hg 

25 

Viscosity  at  20®C,  cent^ise 

0.59 

Weight,  pounds  per  gallon  at  20®C 

7.39 

Boiling  Point  at  760  mm  Hg.  ®C 

118 

Boiling  Point  at  760  mm  Hg,  ®F 

244 

Coefficient  of  Thermal 
Expansbn  per  °C  at  55°C 

1.26X  10-3 

Distillation  Range,  ®C 

114.0-119.0 

Evaporation  Rate  (BuAc  = 1) 

1.6 

Flammable  Limits  (lower  limrt,  vol  %) 

2.4 

(upper  limrt,  vol  %) 

10.5 

Flash  Point,  Tag  Open  Cup,  ®F 

83 

Tag  Closed  Cup,  ®F 

64 

Freezing  Point,  ®C 

-99 

Heat  of  Vaporization,  k joules/ 
mol  at  normal  boiling  point 

36.7 

Molecular  Weight 

116,16 

Refractive  Index,  n^ 

1.3900 

Solubility  at  20®C,  wt  % In  water 

0.63 

Specific  Gravity,  20/20°C 

0.8724 

Specific  Heat  of  Liquid, 
cal/gnV®C  at  20®C 

0.459 

Vapor  Density  (air=  1) 

4.0 

Vapor  Pressure  at  20®C,  mm  Hg 

13.0 

Viscosity,  20®C,  cent^ise 

0.70 

Weight,  pounds  per  gallon 
at20®C 

7.26 

Esters  841 
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Table  15.47:  (continued) 


n-Butvl  Acetate 

(Acetic  Acid,  Butyl  Ester,  Butyi  Ethanoate, 
Normal  Butyl  Acetate) 


Methyl  Formate  - 97.5% 
(Formic  Acid,  Methyi  Ester) 

Physical  Properties 


Physical  Properties 


Bolling  Point  (760  mm  Hg): 

126.5°C  (259.7'’F) 

Coefficient  of  Thermal  Expansion  per 

"C 

(at20*C): 

1.13x10-" 

Critical  Pressure; 

31.7  atm 

Critical  Temperature: 

306.2  °C 

Distillation  Range: 

120-128'’C 

Evaporation  Rate  (BuAc=  1): 

1.0 

Flammability  Limits  in  Air  (%  by  vol); 

Upper: 

7.6 

Lower: 

1.7 

Rash  Point: 

Tag  Open  Cup: 

93°F 

Tag  Closecj  Cup: 

76'’F 

Freezing  Point: 

-73.5"C 

Heat  of  Combustion  (liquid,  25®C): 

“847  kcal/mole 

Heat  of  Formation  (liquid,  25'’C): 

-5.17  kcal/mole 

Heat  of  Vaporization 

(at  normal  boiling  point): 

139  btu/lb 

Molecular  Weight 

116.16 

Refractive  Index  n“: 

1.3947 

Solubility  at  20®C,  wt%,  in  water; 

0.68 

water  in: 

1.175 

Specific  Gravity  (20/20°C): 

0.8820 

Specific  Heat  of  Liquid  (at  20“C): 

0.503  cal/gm/“C 

Surface  Tension  (in  Air  at  20‘’C): 

24.0  dynes/cm 

Vapor  Density  (Air=  1): 

4.0 

Vapor  Pressure  (20‘’C): 

18.4  mm  Hg 

Viscosity  (at  20‘’C,  centipoise): 

0.74 

Weight  (pound  per  gallon  at  20‘’C): 

7.35 

Autoignition  Temperature,  °C 

449.0 

Boiling  Point  at  760  mm  Hg,  °C 

32.1 

Boiling  Point  at  760  mm  Hg,  °F 

89.8 

Critcal  Pressure,  atmospheres 

59.25 

Critical  Temperature,  °C 

214 

Evaporation  Rate  (Ether  = 1 ) 

1.6 

Rammable  Limits 
(lower  limit,  vol  %) 

5.0’> 

(upper  limit,  vol  %) 

23.0 

Rash  Point,  Tag  Open  Cup,  °F 

-2 

Tag  Closed  Cup.  °F 

-26 

Freezing  Point,  °C 

-100.2 

Heat  of  Vaporization,  btu/lb  at 
normal  boiling  point 

202.3 

Molecular  Weight 

60.05 

Refractive  Index,  n^ 

1.3434 

Solubility  at  20°C,  wt  % in  water 

33.0 

Specific  Gravity,  20/20°C 

0.980 

Specific  Heat  of  Liquid,  btu/lh/°F 
at  68°F 

0.493 

Surface  Tension  in  air  at  25°C, 
dynes/cm 

24.62 

Vapor  Density  (air  = 1 ) 

2.07 

Vapor  Pressure,  20°C,  mm  Hg 

476.4 

Viscosity  at  25°C,  centipoise 

0.355 

Weight,  pounds  per  gallon  at  20°C 
(68°F) 

8.17 

Table  15.48:  Mobil  Oil  Esters  (64) 


Typical  Characteristics 

N-Butyl 

Acetate 

Cyclohexyl 

Acetate 

Ethyl 

Acetate 

EGMEEA 

Density  kg/1  at  15X 

0.887 

0.973 

0.905 

0.975 

Distillation  IBP 

124.0 

173 

76.6 

156 

DP 

126.7 

179 

77.4 

165 

Color,  APHA 

5 

5 

10 

10 

Flash  Point  “C  (TCC) 

23 

58 

-1 

58 

Water  Ck>ntent  % Wt, 

0.1 

0.09 

0.1 

— 

Acidity  as  Acetic,  ppm 

70 

140 

50 

100 

Properties  of  Pure  Material 

Molecular  Wt. 

116.16 

142.19 

88.10 

132.09 

Coefficient  of  Cubical  Expansion/ *C 

0.00121 

0.00095 

0.00139 

0.00111 

Density  Correction/  ®C 

0.00104 

0.00090 

0.00123 

0.00106 

Solubility  of  Water  in,  at  20X,  % w/w 

1.37 

0.80 

3.0 

6.5 

Solubility  in  Water,  at  20  ‘'C,  % w/w 

1.0 

0.33 

7.9 

23 

Viscosity  at  20  ®C,  cP 

0.69 

2.0 

0.45 

1.21 

Refractive  Index  at  20*C 

1.3951 

1.441 

1.3725 

1.4058 

Specific  Heat  at  20X,  kJ/kg/X 

1.92 

1.72 

2.00 

2.07 

Latent  Heat  of  Evaporation,  kJ/kg 

310 

313 

367 

339 

Vapor  Pressure  at  20  ''C,  mm  Hg 

10 

1.0 

73 

1.2 

Explosive  Range,  % vol  in  air. 

1.7-15 

1.0 -? 

2.2-11.0 

1.7-10.1 

Sat.  Vapor  Explosive  in  range,  ""C 

23-70 

— 

-7-  +33 

— 

Autoignition  Temperature,  *"C 

425 

330 

426 

379 

Table  15.49:  Union  Carbide  Esters  (19) 


SURFWCE 

HNSION 


BOlUNG 

VAPOR 

RELATIVE 

APPARENT 

SOLUBIUTYof 

POUNDS 

FLASH 

SURFACE 

al25«C 
of  20% 

POINT  al 

PRESSURE 

EVAPORATION 

SPEaRC 

SULUBIUIT  PHHAMtltnS 

Pure  Material  al  2Q”C, 

PER 

POINT, 

TENSION 

Solution 

MOLECULAR 

760  Him 

al2Q«C. 

RATE 

GfUinTY 

Hydrofon 

^ Dy  woignt 

GAUON 

Closad 

a125®C, 

in  VMer, 

WEIGHT 

Hg. 

mm  Hg 

(BuAe=100) 

at2W20^ 

Ibtal 

Polar 

Bonding 

In  Water 

WMer  In 

al20®C 

Cup,  ®F 

dynet/em 

dynet/cm 

ESTERS 

Ethyl  Acetate  (99.5%) 

88.11 

77.2 

76 

747 

0.902 

8.91 

4.20 

4.35 

8.7 

3.3 

7.51 

30 

23.7 

24.5  (a) 

CELLOSOLVE  Acetate 

132.16 

156.3 

2 

20 

0.975 

9.35 

4.41 

4.33 

22.9 

6.5 

8.10 

126 

28.0 

33.5 

Methyl  PRORftSOL  Acetate 

132.16 

145.7 

3 

34 

0.969 

9.10 

4.50 

3.86 

18.5 

5.6 

8.06 

116 

28.2 

— 

Ester  EEP 

146.19 

170.1 

<1 

11 

0.950 

9.0 

4.1 

4.0 

1.6 

1.9 

7.91 

136 

27.3 

— 

Butyl  CELLOSOLVE  Acetate 

160.21 

192.3 

<1 

3 

0.942 

8.91 

3.92 

3.83 

1.5 

1.7 

7.84 

165 

27.4 

41.0(b) 

Butyl  CARBITOL  Acetate 

204.27 

246.7 

<1 

<1 

0.980 

9.05 

3.97 

4.25 

6.5 

3.7 

8.16 

221 

30.0 

39.2(c) 

Rimer  IBT 

216.30 

169.7 

<1 

<1 

0.95 

8.5 

— 

— 

<1 

0.9 

7.91 

248 

— 

... 

(a)  5 percent  aqueous  solution. 


(b)  1 percent  aqueous  solution.  (c)  2 percent  aqueous  solution. 


Butyl  CARBITOL®  Solvent 
Butyl  CELLOSOLVE®  Solvent 

Butyl  CELLOSOLVE  Acetate 
Butyl  PROPASOL®  Solvent 

CARBITOL  Solvent  PM-600 
CELLOSOLVE  Acetate 

CELLOSOLVE  Solvent 
Methyl  CARBITOL  Solvent 

Methyl  CELLOSOLVE  Solvent 
Methyl  CELLOSOLVE  Acetate 

Methyl  PROPASOL  Acetate 
Methyl  PROPASOL  Solvent 

Propyl  CARBITOL  Solvent 
Propyl  CELLOSOLVE  Solvent 

Propyl  PROPASOL  Solvent 
UCAR®  Ester  EEP 


Resin  Solubilities 


Cellulose 
Acetate, 
41%  Acetyl 


1 

SLS 


1 

5-Q 


Cellulose  Acetate  Butyrate, 
17%  Butyrl  37%  Butyrl 

I Q 

I I 


SW 

PS 


1 

SW 


s 

SW 


PS 

s 


Ethyl  Cellulose, 
47-49% 

Cthoxyl 

s- 

S 

S 

5-Q 


PS 

S 


S 

PS 


PS 

PS 


5-Q* 

S 


Polystyrene 


Vinyl  Resins 


Poly(methyl 

Methacrylate) 


PS 


VYMM  Vinyl 
Chloride/Vinyl 

AYAP 

XYML 

Acetate 

Polyvinyl 

Polyvinyl 

Copolymer 

Acetate 

Butyrl 

PS 

S 

S 

1 

PS 

S 

SLS 

S 

1 

> 

SW 

S'Q 

I 

PS 

S 

S 

S 

Q 

1 

S 

S 

1 

S 

S 

PS 

S 

S 

s 

S 

Q 

s 

S 

SW 

I 

S 

PS 

PS 

S 

S 

1 

S 

S 

1 

SLS 

S-Q 

s 

— 

Concentration  = 0.5  g resin  to  4.5  ml  of  solvent 
• = 0.5  g resin  to  9.5  ml  solvent 
S = Soluble 
I Insoluble 
Q ^ Qel 
$W  » Swelling 


SI.S  =>  Slightly  soluble 
PS  a Partly  soluble 
S-G  s Soluble,  tendency  to  gel 
PS-G  ■>  Partly  soluble,  tendency  to  gel 
Sl.S-Q  Slightly  soluble,  tendency  to  gel 
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Table  15.49:  (continued) 


Coating  Performance  Properties 


Solvent 

Butyl  CARBITOL®  Solvent 
Butyl  CELL05OLVE®  Acetate 

Butyl  CELL050LVE  Solvent 
Butyl  FROPASOL®  Solvent 

CARBITOL  Solvent,  Low  Gravity 
CARBITOL  Solvent  PM  600 

CELLOSOLVE  Acetate 
CELLOBOLVE  Solvent 

Hexyl  CARBITOL  Solvent 
Hexyl  CELLOSOLVE  Solvent 

Methyl  CARBITOL  Solvent 
Methyl  CELLOSOLVE  Acetate 

Methyl  CELLOSOLVE  Solvent 
Methyl  PROPASOL  Acetate 

Methyl  PROPASOL  Solvent 
Propyl  CARBITOL  Solvent 

Propyl  CELLOSOLVE  Solvent 
Propyl  PROPASOL  Solvent 

UCAR®  DPM  Solvent 
UCAR  Ester  EEP 


(a)  All  solutions  are  percent  by  volume 

(b)  I percent  aqueous  solution 

(c)  5 percent  aqueous  solution 


Solubility  Parameters 


Total 

Polar 

Hydrogen 

Bonding 

Blush 

Resist 

9.79 

3.94 

6.16 

8.91 

3.92 

3.83 

96  + 

9.87 

3.88 

6.35 

96  + 

9.31 

3.67 

5.63 

96  + 

10.34 

4.35 

6.89 

78 

10.3 

— 

- 

76 

9.35 

4.41 

4.33 

94 

10.71 

4.43 

7.42 

59 

9.70 

3.08 

5.84 

9.63 

3.53 

5.90 

96  + 

11.15 

4.70 

7.70 

76 

9.9 

— 

- 

80 

11.7 

— 

_ 

42 

9.10 

4.50 

3.86 

- 

10.42 

4.48 

6.98 

9.99 

4.11 

6.46 

- 

10.16 

4.10 

6.77 

69 

9.55 

3.89 

5.89 

9.4 

13.3 

9.0 

4.1 

4.0 

_ 

Relative 

Dilution  Ratios  Evaporation  Surface  Tension  at  25 °C.  dynes/cm 


Toluene 

naphtha 

Aylenc 

Rate 

(nBuAc  - 100) 

Solvent 

20%  Solution 
in  Water^a) 

3.9 

1.8 

1.9 

1.2 

4,2 

< 1 
3 

31.0 

27.4 

33.2 

3.5 

1.9 

2.3 

0.9 

3.2 

6 

8 

28,6 

27.4 

28.9 

32.3(c) 

4.7 

1.9 

0.5 

Imm. 

1.2 

< 1 
<1 

35.2 

49.6 

2.5 

4.9 

0.9 

2.3 

4.3 

20 

32 

28.0 

29,4 

33.5 

47.1 

2.9 

2.4 

1.8 

l.S 

- 

<1 

29.6 

30.3 

28.5 

2.3 

2.3 

Imm. 

0.6 

1,0 

1.9 

<1 

31 

35.9 

49.6 

4.0 

Imm. 

2.9 

47 

2.S 

0.8 

- 

34 

28.2 

5.2 

0.9 

- 

60 

28,3 

46.6 

< 1 

_ 

4.0 

2.0 

- 

22 

26.7 

1.1 

22 

27.0 

30.4 

4.2 

1.4 

0.8 

0.7 

3 

11 

26.8 

27.3 

- 

Constant  Boiling  Azeotropic  Mixtures  of  Glycol  Ether  Esters  with  Water 


Solvent 

^ Butyl  CELLOSOLVE  Acetate 
„ u Water 

E P CELLOSOLVE  Acetate 
^ 5 Water 

O 5 Methyl  CELLOSOLVE  Acetate 
u u Water 

Oti  UCAR®  Ester  EEP 
Water 

(a)  U - Upper;  L = Lower 


Components  Azeotrope 


Specific 

Boiling 
Point,  "C  at 

Boiling 
Point,  at 

Composition,  % by  Wt,  at  20«C 

Relative 

Volume 

Sp.  Or. 
20/20"C 

Gravity  at 

760  mm 

760  mm 

In 

in  Upper 

in  Lower 

of  Layers'®) 

of  Azeotrope 

20/20^C 

Hg 

Hg 

Azeotrope 

Layer 

Layer 

at 20“C 

Layei^®) 

0.9442 

191.5 

96.8 

28.1 

98.4 

1.1 

U 71.0 

U 0.941 

l.OOOO 

100.0 

71.9 

1.6 

98.9 

L 29.0 

L 0.999 

0.9748 

156.4 

97.5 

45.5 

93.3 

24.5 

U31.2 

U 0.972 

l.OOOO 

100.0 

54.5 

6.7 

75.5 

L68.8 

L 1.01 1 

1.0067 

1.0000 

145.5 

lOO.O 

97.1 

48.2 

51.8 



- 

1.03 

0.9496 

170.1 

97 

38.6 

97.2 

5.3 

U38 

U0.94 

l.OOOO 

lOO.O 

61.4 

2.8 

94.7 

L62 

L0.99 

(continued) 
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Table  15.49:  (continued) 


Relative  Viscosities  of  Lacquers  at  25X 

n Tor  mu  la  riD  Formula  MRAD  Formula  riRMD  Formula 

100200300  100200300  100200300  100200300 


Butyl  CELLOSOLVE®  Solvent 
Butyl  CELLOSOLVE  Acetate 
Butyl  PROPASOL®  Solvent 
CARBITOL®  Solvent  PM-600 
CELLOSOLVE  Acetate 
CELLOSOLVE  Solvent 
Methyl  CARBITOL  Solvent 
Methyl  CELLOSOLVE  Acetate 
Methyl  CELLOSOLVE  Solvent 
Methyl  PROPASOL  Acetate 
Methyl  PROPASOL  Solvent 
Propyl  PROPASOL  Solvent 


Insoluble 


Insoluble 


Insoluble 


100200300 

100200300 

100200300 

100200300 

Composition  of  Formulas 

n Formula 

no  Formula 

flRAD  Formula 

riRMD  Formula 

R.S.  '/z'S  mtrocellulose  (dry) 

8.0 

8.0 

8.0 

8.0 

Monoxidlzlng  Alkyd  Resin 
(100%  basis) 

- 

- 

12.0 

- 

Maleic  Hard  Resin 

- 

- 

- 

12.0 

Dibutyi  Phthaiate 

- 

- 

- 

4.0 

Ethanol 

- 

4.3 

4.3 

4.3 

Solvent 

92.0 

41.7 

35.7 

33.7 

Toluene 

- 

23.0 

20.0 

19.0 

Xylene 

- 

23.0 

20.0 

19.0 

Total  Parts  by  Weight 

100.0 

100.0 

100.0 

100.0 

(Butyl  Acetate  - 100) 


UCAR'^"  Ester  EEP  as  a Polymerization  Solvent  for  an  eicctrosUtlc  Application 

Acrylic  Resin 

Resistivity. 

Monomer  Composition  Qlycol  Ether  Esters  megohms 


ingredient 

Weight  Percent 

Styrene 

30.8 

Butyl  Acrylate 

38.2 

Hexoxy  Ethyl  Acrylate 

15.7 

Acrylic  Acid 

3.2 

Initiator^) 

4.4 

Solvent 

7.7 

Total 

100.0 

Methyl  CELLOSOLVE  Acetate 

0.2 

Butyl  PROPASOL  Solvent 

0.45 

Methyl  PROPASOL  Acetate 

1.8 

Butyl  CELLOSOLVE  Acetate 

3.0 

CELLOSOLVE  Acetate 

4.0 

UCAR  Ester  EEP 

20.0 

Results 


Polymerization 

Polymerization 

Average 

Molecular 

Solids,<2) 

Vlscoslty,<3) 

Solvent 

Temperature,  ®C 

Weight 

%by  Wt 

cP 

Methyl  n-Amyl  Retone 

155 

19.460 

70 

3440 

UCAR®  Ester  EEP 

175 

13.739 

70 

3150 

"Exxate  "<♦>  600 

171 

17.592 

70 

3850 

(1)  "Luperox"  500R  (Pennwalt) 

(2)  Polymerization  solids  were  ^»81%,  reduced  to  70%  for  viscosity  studies 

(3)  Brookfield  model  LVT 

(4)  Exxon 
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Table  15.49:  (continued) 


Vapor  Pressures  of  Esters  vs  Temperature 


Temperature,  °f 


100 

90 

80 

70 

60 

50 

40 


-30  -20  -10  0 10  20  30  40  SO  bO  70  80  90 100  120  140  160 IBO  200 

Temperature, 


■^20  0 20  40  60  SO  100  140  IflO  220  260  300  340  3S0 


400 


300 


30  40  SO  60  70  SO  90  HO  '130  ISO  l70  190  210  230  2SO 

Temperature, 


leiiiperature, 

120  140  160  160  200  220  240  260  230300  320340360  400  440  480 


1,000 


900 


800 


700 


600 


hrtathvi  CELLQSOLVE®  Acama 
Primary  Amyl  Acatata 
Butyl  C£LLOSaLVE®Acrtata 
C A R a I to  L<§> 

Biityi  CARBITOL®  Acaiat* 
Glyceryl  TrIacBteia 
Tn«hyl«n«  Qlyoal  Dlacataia 


500 


400 


300 


lOO 
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Table  15.49:  (continuecf) 


Solubilities  of  Water  in  Esters 


Temperature,  '"F 


Tempera  [ Lire,  ^ 


Temperature,  “F 


Temperature,  ""C 


Percent  Rvaporated 


Table  15.49:  (continued) 


Relative  Evaporation  of  Solvents 


Fast  to  [ntsrmediaee  Evaporating  Liquids 


0123456709  10 

f^elative  Time,  hours  (almospheric  conditions) 


Intemnediale  to  Stcuw  Evaporating  Liquids 


0 5 10  15  20  25  30  35  40  45  50 

Relative  TinKj  hours  (atmospheiir  conditions) 


Slow  lo  Verv  Slow  Evaporating  Liquids 


0 50  100  150  200  250  300  350  400  450  500 


Relative  Time,  hcNjrs  taimospheric  conditions} 


CHART  KEY 

A Ethyl  Acetate 
B Methyl  Ethyl  Ketone 
C Isopropyl  Acetate 
D Et^not,  Anhydrous 
£ Propyl  Acetate 
F Isopropanol,  Anhydrous 
C Methyl  Isobutyl  Ketone 
H [sobutyi  Acetate 
1 Butyl  Acetate 
J Lsobutanol 
K Butanol 

L Primary  Amyl  Acetate 
M CELL050LVE  Solvent 
N Methyl  CELLOSOLVE  Acetate 
O Primary  Amyl  Alcohol 
P CELLOSOLVE  Acetate 
Q Ehisobutyl  Ketone 
R.  Diacetone  Alcohol  (A/F) 

S Butyl  CELLOSOLVE 
T Butyl  CELLOSOLVE  Acetate 
U Glycol  Diacetate 
V CARBrrOL  Acetate 
W Butyl  CARBITOL  Acetate 


(continued) 
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Table  15.49:  (continued) 


Viscosity  of  IICAR”  Phenoxy  Resin  PKHH  Solutions 


14  15  16  17  16  19  20  21  22  25  24  25  26  27  28  29  30 
Total  Solids.  % by  wt 


Evaporation  Profiles  in  an  Automotive  Refinish  Thinner 


Dry  Time,  min 


HIGHER  FATTY  ACID  ESTERS 


Table  15.50:  Emery  Methyl  Esters  (63) 


SPECIFICATIONS 

TYPICAL  COMPOSITION^ 

Saturated  Esters 

Unsaturated 

Esters 

Acid 

Value 

Max 

Sap. 

Value 

Iodine 

Value 

max, 

(range) 

Color 
% Trans 
440/550 
nm.,  min. 

Typical 
Melting 
Point.  °C 

I 

(3J 

0} 

CO 

It!? 

5 

6 o 

CD  1- 

oo 

0} 

? 

.3d 

0} 

s 

to 

50 

s 

S.6 

CD 

5 

0 00 
wd 

B 

B ^ 

3 o go 

od  :3d 

EMERY®  2209 
Methyl  Caprytate-Caprate 

0.5 

330-336 

0.4 

95/- 

-30 

3 

55 

40 

2 

EMERY®  2296 
Methyl  Laurate  96 

0.5 

258-263 

0.5 

95/- 

5 

2 

96 

2 

EMERY®  2290 
Methyl  Laurate  90 

0.5 

258-262 

0.5 

95/- 

2 

2 

90 

8 

EMERY®  2270 
Methyl  Laurate  70 

0.5 

251-255 

0.5 

95/- 

-1 

1 

70 

28 

1 

EMERY®  221 4 
Methyl  Myristate  95 

1.0 

230-234 

0.6 

92/- 

17 

3 

95 

2 

EMERY®  22 16 
Methyl  Palmitate  95 

0.2 

206-210 

0,2 

92/- 

27 

2 

95 

3 

EMERY®  22 18 
Methyl  Stearate  95 

0,5 

186-192 

1 

71/98 

36 

4 

95 

1 

EMERY®  221 9 
Methyl  Oleate 

4.0 

188-192 

(68-88) 

71/98 

18 

4 

24 

58  14 

EMERY®  2252 
Methyl  Coconate 

1.0 

250-260 

4-11 

85/mln 

4 

8 

7 

48 

17 

9 

2 

7 2 

EMERY*2253 
Methyl  Coconate 

0.5 

250-260 

(7-11) 

71/982 

4 

8 

7 

48 

17 

9 

2 

7 2 

EMERY®  2254  Stripped 
Methyl  Coconate 

1.0 

237-247 

(5-10) 

90/- 

— 

Tr 

54 

22 

11 

3 

8 2 

EMERY®  2255 
Methyl  Palm  Kernalate 

1.0 

230-240 

14-20 

90/- 

.25 

1.5 

50 

17 

9.5 

3 

16  3 

' Typic^  compositions  determined  by  GLC  analysis,  AOCS  Ce  1’62.  These  compositions  are  not  manufacturing  specifications. 
^ Not  a specification. 

® Color.  Gardner  1963,  max. 
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Table  15.51:  Procter  & Gamble  Methyl  Eaters  (39) 


Chemical  Properties 

CH»* 

O-SIO 

CH095 

CH2I8 

CH270 

CH290 

CH295 

CH6lt 

CHI97 

SopoBifkoHM  Valut 

295-305 

(302) 

195-205 

AddVdM 

I.Offlox 

(0.6) 

0.5  mm 
(0.2) 

0.5  max 
(0.3) 

1.0  mox 
(OJ) 

05  max 
(0.2) 

05  mox 
(0)) 

03  max 
(01) 

1.5  mox 

1.0  max 

lodint  Vabt 

14  max 
(5) 

0.6  max 
(0.2) 

06  mox 
(0.3) 

(8.9) 

0.8  max 
(0.1) 

0.8  max 
(01) 

OlOmox 

(0.07) 

60-70 

85-95 

Mobtun^  (%,  KF) 

0.1  mox 
(ttOS) 

0.15  max 
(0.06) 

0)5  mox 
(0.04) 

0.1  mm 
(0.04) 

OlOS  max 
(0.03) 

0.10  mox 
(0.04) 

dOSmox 

(0.03) 

0.1  mox 

0.1  max 

Physical  Properties 

Spedfk  Gravity  25/25  C 

25C 

sr 

25C 

!«T 

25( 

gf’ 

25( 

j0866) 

25C 

25C 

sr 

25  ( 
[0.866) 

Melting  Point  (C) 

(•4) 

(-29) 

(-14) 

(10) 

(0) 

(5) 

(6) 

VoTransmlttQnce  @ 460  nm 

90  mm 
(94) 

95min 

(99) 

95  min 
(98) 

85  min 
(94) 

96  min 
(98) 

95  min 
(99) 

95  min 
(99) 

80  min 

90  min 

Composition  (GC%) 

C6 

(0.5) 

6.0  max 
(4) 

C8 

7-9.5 

(7.2) 

51-58 

(55.9) 

(0.4) 

(OO) 

(OO) 

0.3  mox 
(OO) 

CIO 

(6.2) 

34-42 

(39.3) 

95.0  min 
(96.6) 

0^3 

(04) 

1.0  mox 
(03) 

1.5  max 
(04) 

2.5  mox 
(05) 

C12 

44.049.9 

(473) 

1.0  max 
(05) 

(1.7) 

52-57 

(55.6) 

705-74.5 

(73.0) 

90-94 

(91.7) 

95  min 
(98.)) 

0.5  max 

04 

073) 

(0.2) 

19-24 

(209) 

24-29 

(26.3) 

6-9 

(78) 

2.5  mox 
(1.4) 

1.0  max 

1.0  max 

06 

S5-10J) 

(97) 

8)2 

(102) 

lOnrax 

(02) 

0.8  mox 
(OO) 

0.5  mox 
(0.0) 

25-32 

0.2 

08 

(7.8) 

9)5 

02.3) 

8 

11 

08-1 

53 

73 

08-2 

11 

14 

CAS  No. 

6776237*2 

67762-39-4  110-42-9 

67762-26-9 

67762-40-7 

111-82-0 

Esters  851 
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Table  15.52:  Stepan  Esters  (68) 


PRODUCT 

INCI  NOMENCLATURE 

FORM 
9 25X 

APPLICATIONS 

ALCOHOL  ESTERS 

KESSCO  IPM 

ISOPROPYL  MYRISTATE 

Liquid 

IPM  has  a dry,  velvety,  non-oily  feel  due  to  its  ready  absorption 
into  skin.  Generally  used  in  premium  formulations  for  velvety 
emolliency. 

KESSCO  IPP 

ISOPROPYL  PALMITATE 

Liquid 

IPP  is  a dry,  soft  non-oily  emolRent  generally  used  In  ecorKsmIcal 
formulations.  Excellent  solvent  for  mineral  oil,  silicorw  and  lanolin. 

KESSCO  OCTYL 
PALMITATE 

OCTYL  PALMITATE 

Liquid 

Dry,  light,  silky  emollient.  Enhances  gloss  In  hair  grooming 
pr^ucts.  Can  be  used  as  a binder  in  pressed  powder  makeup. 

KESSCO  OCTYL 
ISONONANOATE 

OCTYL  ISONONANOATE 

Liquid 

Very  dry,  non-oily  properties  that  allow  the  skin  to  breathe.  Has 
the  lowest  freeze  point  (-30®C)  of  all  alcohol  esters.  May  be 
used  in  antipersplrants,  hair  sprays  arKl  creams/lotions. 

KESSCO  ICS 

ISOCETYL  STEARATE 

Liquid 

Premium  emollient  recommended  for  make-up  formulations  seeking 
a dry  velvety  feel. 

KESSCO  BS 

BUTYL  STEARATE 

Liquid 

Wetting  agent  for  pigments  and  a fragrance  solubilizer. 

KESSCO  653 

CETYL  PALMITATE 

Flake 

Cetyl  Palmitate  is  a waxy  ester  that  imparts  good  skin  feel  properties 
to  cosmetics.  It  Is  used  as  a base  in  stick  cosmetics  and  as  an 
emollient  thickener  in  creams  and  lotions. 

KESSCO  654 

CETYL  MYRISTATE 

Flake 

Similar  to  Kessco  653  but  lower  melting  point  (47-53°C). 

GLYCEROL  ESTERS 

KESSCO  GMO 

GLYCERYL  OLEATE 

Liquid 

Effective  water-in-oil  emulsifier.  Often  used  in  bath  oils  as  a lubricant 
and  spreading  agent.  Imparts  slip  to  creams. 

KESSCO  GDL 

GLYCERYL  DILAURATE 

Solid 

Semi-solid  ester  recommended  for  free  flowing  lotions.  Imparts  slight 
emolliency. 

KESSCO  GMS  PURE 

GLYCERYL  STEARATE 

Flake 

High  purity  ester  containing  no  soaps.  Acts  simultaneously  as  an 
emulsifier,  opacifier  and  bodying  agent.  Used  in  creams,  lotions, 
antipersplrants,  hair  care  prr^ucts  and  sunscreens. 

KESSCO  GMS  63F 

GLYCERYL  STEARATE 

Flake 

Emulsifier  for  creams  and  lotions 

KESSCO  GMS.  S.E./A.S. 

GLYCERYL  STEARATE  (and) 
PEG  100  STEARATE 

Flake 

Excellent  emulsifier  for  low  pH  (3-5)  systems.  Is  relatively  insensitive 
to  electrolytes  in  antipersplrants  and  cream  rinses. 

KESSCO  GMS  S.E. 
KESSCO  GMS  24  S.E. 

GLYCERYL  STEARATE  S.E. 
GLYCERYL  STEARATE  S.E. 

Rake 

Rake 

The  S.E.  grade  allows  the  formulator  to  utilize  GMS  as  a primary 
emulsifier  for  oil-in-water  systems  at  a pH  of  5-9.  Anionic  modified 
for  broader  emulsification  properties. 

KESSCO  GDS 

GLYCERYL  DISTEARATE 

Flake 

Emulsifier  with  extremely  low  HLB  compared  to  KESSCO  GMS  PURE, 
but  with  similar  functionality. 

SPECIALTIES 

STEPAN  TAB-2  FLAKE 
STEPAN  SAB-2 

DI(HYDROGENATED)  TALLOW 
PHTHALIC  ACID  AMIDE 
DI-STEARYL  PHTHALIC  ACID  AMIDE 

Flake 

Flake 

Emulsion  and  suspension  product  for  triglycerides,  mineral  oil, 
and  silicones. 

KESSCO  CETYL  ALCOHOL 

CETYL  ALCOHOL 

Flake 

Emollient,  emulsion  stabilizer,  and  viscosity  modifier  for  skin  and 
hair  conditioners. 

(continued) 
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Table  15.52:  (continued) 


PRODUCT 

INCI  NOMENCLATURE 

FORM 
@ 25X 

APPLICATIONS 

GLYCOL  ESTERS 

KESSCO  EGMS 

GLYCOL  STEARATE 

Flake 

Excellent  poartizing  agent  for  shampoos  and  liquid 
hand  soap. 

KESSCO  EGMS  70 

GLYCOL  STEARATE 

Flake 

Excellent  peariizing  agent  recommended  for  use  in  low 
solids  formulations  because  it  tends  to  increase  viscosity. 

KESSCO  EGOS 

GLYCOL  DISTEARATE 

Flake 

Peariizing  agent  for  shampoos,  handsoaps  and  bubble 
baths  where  no  additional  viscosity  is  required. 

KESSCO  EGAS 

GLYCOL  STEARATE  (and) 
STEARAMIDE  AMP 

Flake 

Peariizing  and  bodying  agent  that  imparts  a soft,  smooth 
skin  feel  to  formulations  due  to  the  presence  of  a small 
amount  of  amide. 

KESSCO  DGMS 
KESSCO  DGDS 

PEG-2  STEARATE 
PEG-2  DISTEARATE 

Flake 

Flake 

Generally  used  as  opacifiers  in  shampoos  and  lotions. 
Imparts  emolliency  and  adds  body  to  these  types  of 
formulations. 

KESSCO  DGS  NEUTRAL 

PEG-2  STEARATE 

Flake 

Used  as  an  emulsifier  and  opacifier  in  creams  and  lotions. 

KESSCO  DGS  S.E. 

PEG-2  STEARATE 
(and)  STEARIC  ACID 

Flake 

Emulsifier  for  hair  care  products,  creams,  lotions, 
antiperspirants  and  sunscreens. 

KESSCO  PGMS  PURE 

PROPYLENE  GLYCOL  STEARATE 

Flake 

Good  auxiliary  emulsifiers  and  opacifiers.  Has  a 
melting  point  near  body  temperature  and  is  used  in 
suppositories,  lipsticks  and  sunscreens. 

KESSCO  PGML  E 

PROPYLENE  GLYCOL  LAURATE 

Liquid 

Emollient  and  auxiliary  emulsifier.  Imparts  a soft, 
velvety  feel  to  cosmetic  products. 

KESSCO  PGMS  8615 

PROPYLENE  GLYCOL  STEARATE  S.E. 

Flake 

Emulsifier  for  creams  and  lotions. 

KESSCO  PGMS  534F 

PROPYLENE  GLYCOL  STEARATE 

Flake 

Food  grade  auxiliary  emulsifier.  Also  used  in  creams, 
lotions  and  suppositories. 

POLYETHYLENE  GLYCOL  ESTERS 

KESSCO  PEG 
200-6000  MONO 
AND  DILAURATES 

KESSCO  PEG 
200-6000  MONO 
AND  DIOLEATES 

PEG-4  to  PEG-150 
LAURATE  AND  DILAURATE 

PEG-4  TO  PEG-150 
OLEATE  AND  DIOLEATE 

Liquids  to  Solids 
Liquids  to  Solids 

Non-toxic  and  non-im‘tating  nonionic  emulsifiers  that 
cover  a wide  HLB  range  They  act  as  viscosity 
modifiers,  emollients,  opacifiers,  spreading  agents, 
wetting  and  dispersing  agents.  They  may  be  used 
in  lotions,  creams,  make-up,  bath  oils,  ointments, 
shampoos,  conditioners,  suppositories  and  sunscreen 
products. 

KESSCO  PEG 
200-6000  MONO 
AND  DISTEARATES 

PEG-4  and  PEG-150 
STEARATE  AND  DISTEARATE 

Solids 

DREWPOL  3-1-0 
DREWPOL  6-1-0 
DREWPOL  10-4-0 
DREWPOL  10-10-0 

POLYGLYCERYL-3  OLEATE 
POLYGLYCERYL-6  OLEATE 
POLYGLYCERYL-10  TETRAOLEATE 
POLYGLYCERYL-10  DECAOLEATE 

Liquid 

Liquid 

Liquid 

Liquid 

The  DREWPOL  polyglycerol  esters  comprise  a relatively 
new  class  of  emulsifiers  for  the  cosmetic  industry. 

These  products  range  from  hydrophilic  monoesters  to 
lipophilic  deca-esters.  The  polyglycerol  esters  are 
effective  nonionic  emulsifiers  in  both  oil-in-water  and 
water-in-oil  emulsions. 

SPECIALTY  OILS 

NEOBEE  M-5  COSMETIC 
WECOBEE  S 
WECOBEE  M 

CAPRYLIC/CAPRIC  TRIGLYCERIDE 
HYDROGENATED  VEGETABLE  OIL 
HYDROGENATED  VEGETABLE  OIL 

Liquid 

Flake 

Solid 

The  Neobee  and  Wecobee  oils  are  derived  from  edible 
vegetable  oils.  The  Neobee’s  are  used  as  emollients 
in  creams  and  lotions.  The  Wecobee’s  are  used  as  a 
replacement  for  cocoa  butter  in  cosmetic  products. 

KESSCO*.  OREWPOL*  NEOBEE®,  and  WECOBEE®  are  registered  trademarks  of  the  Stepan  Company. 
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ADIPATES 

Table  15.53:  Mixture  of  Dimethyl  Adipate  and  Dimethyl  Glutarate  (11) 

HjCOOC(CHj)xCOOCHj  x = 3-4 


This  mixture  of  dibasic  esters  is  used  as  a high  boiling  solvent  and  os  on  intermediate. 


Diester  Content,  Wt.  % Minimum 

99 

Water  Content,  Wt.  % Maximum 

0.5 

Dimethyl  Adipate,  Wt.  % 

50-95 

Average  Molecular  Weight 

165 

Dimethyl  Glutarate,  Wt.  1 

55-70 

Specific  Gravity 

1.082  - 1.090  9 : 

Dimethyl  Succinate,  Wt,  % Max. 

3 

Distillation  Range,  “C 

210  -225 

Solubility  Parameters  (Hansen  System) 
Polar  Bonding 

3.29 

Evaporation  Rate 
BuAc  = 100 

<1 

Hydrogen  Bonding 

9.02 

Viscosity  a 25®C,  Centipoise 

2.38 

Non-Polar  Bonding 

7.03 

Freezing  Point 

-13*C  (Approx.) 

Solubility  Parameter 

8.75 

Flash  Point 

219*F  Closed  Cup 

Table  15.54:  Mixture  of  Dimethyl  Adipate,  Dimethyl  Glutarate  and  Dimethyl  Succinate  (11) 

HjCOOCICHjIxCOOCHj  x = 2^4 

This  dibasic  ester  mixture  is  used  os  a high  boiling  solvent  in  industrial  and  automotive  coatings. 


Diester  Content,  Wt.  % Minimum 

99 

Dimethyl  Adipate,  Wt.  % 

20-30 

Dimethyl  Glutarate,  Wt.  % 

90-60 

Dimethyl  Succinate,  Wt.  % 

20-30 

Solubility  Parameters  (Hansen  System) 

Polar  Bonding 

3.9 

Hydrogen  Bonding 

9.1 

Non-Polar  Bonding 

8.5 

Solubility  Parameter 

10.1 

Water  Content,  Wt.  % Maximum 

0.5 

Average  Molecular  Weight 

160 

Specific  Gravity 

1.082  - 1.090  a 25/25'C 

Distillation  Range,  ®C 

196  - 225 

Evaporation  Rate 

^1 

BuAc  = 100 

Viscosity  a 25*C,  Centipoise 

2.39 

Freezing  Point 

-20*C  (Approx.) 

Flash  Point 

212'F  Tag  Closed 

Table  15.55:  Dialkyl  Adipate  (75) 


o 


C-O-R 

I 

(CH2>4 

I 

C-O-R 


Remixed, C7AC9  SANTICIZER  97 

predominantly 
linear  alkyl 


o 


Table  A.  Properties 

Molecular  Weight 

370 

• Acidity 

(meq/100  gm.  max) 

0.25 

• Appearance 

Clear,  oily  liquid 

• Color  (APHA)  [max.] 

50 

• Moisture  (KF  in 

0.10 

Methanol)  %,  max. 

• Refractive  Index  (@25°C) 

1,441-1.447 

• Specific  Gravity 

(25725°C) 

0.916-0.924 

Density  (@  25°C) 

ca.  lbs  ./gal. 

7.7 

Crystallizing  Point  f C) 

-13 

Boiling  Point 

@ 10mm  Hg,  “C 

224 

Vapor  Pressure  (mm  Hg) 
@ 200"C 

3.3 

(w  250"C 

27 

Viscosity  (Centistokes) 
@25°C 

12.8 

Surface  Tension 

30.3 

@ 25°C  (dynes/cm) 

Flash  Point  (C.O.C.)  f’F.) 

400 

Fire  Point  (C.O.C.)(T.) 

450 

Solubility  In  Water 
@ 25°C,% 

<0.01 

CAS  Number 

68515-75-3 

• Specificaljon 


Table  B.  Comparison  of  Seven  Commercial  Low-temperature  Plasticizers 
at  Three  Levels  in  PVC  


! 

Sant  97 

DOA 

DNODA 

DINA 

DIDA  1 

DOZ 

DOS  1 

Flex  Temperature,  **C.,  Clash-Berg  Method  I 

35  PHR 

-33.5 

-29.1 

-33.4 

-27.0 

-26.7 

-32.0 

-32.2 

50  PHR 

-56.7 

-52.9 

-55.0 

-48.8 

-49.4 

-54.4 

-54.7 

67  PHR 

-67.5 

-64.3 

-61.0 

-62.0 

-62.2 

-66.3 

-68.5 

Carbon  Volatility,  % Rasticizer  lost,  24  hrs.  at  87°C.  I 

35  PHR 

10.2 

13.2 

9.8 

5.5 

3.2 

4.3 

2.1 

50  PHR 

9.7 

13.3 

9.6 

5.4 

3.5 

3.8 

2.1 

67  PHR 

9.8 

13.1 

9.7 

5.0 

3.0 

3.8 

2.1 

Shore  A Hardness,  10  sec.  reading  I 

35  PHR 

92 

91 

93 

95 

96 

92 

94 

50  PHR 

82 

81 

83 

86 

90 

82 

85 

67  PHR 

71 

71 

72 

76 

80 

73 

74 

Water  Sensitivity,  24  hrs.  at  50*^0. . % water  absorbed/%  soluble  matter  lost  j 

35  PHR 

.32/.07 

.35/.07 

.36/.08 

.35/.05 

.37/.08 

.32/.04 

.31/.02 

50  PHR 

■31/.18 

.31/.16 

.31/.20 

.34/.  13 

.32/.  16 

.25/.09 

.23/.08 

67  PHR 

.33/.20 

.33/, 25 

.32Z.22 

.36/.  15 

.31/.15 

.31/.09 

.26/ .07 

I Kerosene  Extract,  % Plasticizer  lost,  24  hrs.  at  23°C.  I 

35  PHR 

24.6 

13.5 

30.4 

23.4 

49.8 

19.4 

31.4 

50  PHR 

74.2 

42.5 

68.3 

71,8 

73.0 

71.8 

74.7 

67  PHR 

77.0 

72.7 

76.3 

75.7 

80.4 

74.9 

82.8 

Loop  Compatibility 

- Degree  of  exudation:  0 = 

dry,  no  exudation:  10  = 

dripping  wet 

35  PHR  4 hours 

5 

4 

5 

5 

5 

5 

5 

1 day 

7 

5 

7 

7 

7 

7 

7 

1 week 

5 

0 

5 

7 

7 

7 

7 

50  PHR  4 hours 

7 

5 

7 

7 

7 

7 

7 

1 day 

7 

7 

8 

8 

8 

8 

8 

1 week 

0 

0 

0 

7 

8 

5 

5 

67  PHR  4 hours 

7 

6 

7 

7 

7 

7 

7 

1 day 

6 

5 

6 

7 

8 

7 

7 

1 week 

0 

0 

0 

0 

6 

0 

0 

Cumulative  rating 

44 

32 

45 

55 

63 

53 

53 

(lower  is  better) 

Table  C.  Adipate  Performance  in  Plastlsols  (65  PHR) 


Brookfield  viscosity,  poises.  50  RPM  (HAT  #6  Spindle) 

Santicizer^  97  Dioctyl  adipate 

Initial 

8 

12 

23°C 

7 days 

10 

20 

28  days 

12 

26 

Initial 

8 

10 

40X 

7 days 

17 

32 

28  days 

24 

43 

Initial 

8 

11 

SOX 

7 days 

31 

42 

28  days 

51 

62 

Severs 

lOpsi 

8 

8 

Viscosity 

50  psi 

7 

7 

poises 

lOOpsi 

7 

6 
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Table  15.56:  Dioctyi  Adipate  {75) 

0 

II 

C-0-CaHi7 

1 

(CH2>4  doa 

1 

C-0-CaH,7 

II 

o 


Table  A.  Properties 

Molecular  Weight 

371 

• Acidity 

(meq/100  gm.  max) 

0.25 

• Appearance 

Clear,  oily  liquid 

• Color  (APHA)  (max.) 

25 

• Moisture  (KF  in 

Methanol)  %,  max. 

0.10 

•Odor 

Mild 

• Refractive  Index  ((a'25**C) 

1.444-1.448 

• Specific  Gravity 

(25725°C) 

0.921-0.927 

Density  25®C) 

ca.  Ibs./gal. 

7.72 

Crystallizing  Point  (“C) 

<-70 

Pour  Point  (®C) 

-65 

Boiling  Point 

@ 10mm  Hg,  °C 

224 

Vapor  Pressure  (mm  Hg) 
@200“C 
(a.  25(TC 

2.3 

32 

Viscosity  (Centistokes) 
(a  37.8“C 

8.2 

Cri>98.9“C 

2.4 

Surface  Tension 

29 

(«)  20°C  (dynes/cm) 

Thermal  Expansion 
Coefficient 

0.00078 

@10‘‘-40"C 

(cc/cc/“C) 

Flash  Point  (C.O.C.)rF.) 

377 

Fire  Point  (C.O.C.)lTl 

450 

Solubility  In  Water 
(a>25"C.% 

<0.01 

CAS  Number 

103-23-1 

Table  B.  Pioctyl  Adipate  Performance  in  PVC  (40  Mil  Sheet) 


(30%) 

43PHR 

(40%) 
07  PHR 

(80%) 
100  PHR 

Volatility  {%  Lost)  (Activated  Cartxxi) 

14 

13 

14 

Low-temperature  Rex,  Tf  “C 

-46 

-66 

<-70 

Water  immersion  (24  hours): 
% soluble  matter  lost 
% water  absorbed 

0.06 

0.40 

0.10 

0.66 

0.07 

0.82 

Kerosene  extraction 
(%  plasticizer  lost) 

19 

>70 

>70 

Shore  "A”  Hardness 

83 

67 

48 

Migration,  Linde  Silica: 
1 day 

6.1 

7.5 

11.0 

3 days 

9,6 

13.5 

22.0 

7 days 

14.6 

21,0 

28.0 

Tensile,  p.s.i. 

2560 

1870 

10^ 

Elongation,  % 

390 

450 

460 

Modulus  (a’  100%  Elongation 

1390 

730 

380 

Flammability  (Limiting  02  Index)* 

22.6 

21.0 

19.6 

Heat  Stability 

Good 

Good 

Good 

Migratbn  Resistance  to  Nitrocellulose 

Poor 

Poor 

Poor 

Fluxing  Rate 

Fair 

Fair 

Fair 

Electrical  Properties 

Fair 

Fair 

- 

•The  Oxygen  Index  Test  results  are  not  intended  to  reltect  perlormance  ol  these  or  any  other  materials  under  actual  (ire  conditions.  Each  user  should 
determine  mdependeittly  whether  potential  fire  hazards  are  associated  with  the  finished  product  arxJ  whether  DOA  is  suitable  lor  the  particular  use. 


Table  C.  Dioctyl  Adipate  Performance  in  Plastisol  Formulation 


Viscosity,  poises  Brookfield  HAT  #6  Spindle  50  PRM 

65  PHR 

Initial 

12 

23* 

7 Days 

20 

28  Days 

26 

Initial 

10 

40* 

7 Days 

32 

28  Days 

43 

Initial 

11 

50* 

7 Days 

42 

28  Days 

62 

lOpsi 

8 

Severs 

50psi 

7 

100  psi 

6 

1 Yield  value,  dynes/cm^ 

20 

Flow  Index 

0.6 

Gel  Temperature,  “C 

80 

Fusion.  Relative  Temperature.  *C 

175 

‘Air-release  Rate 

Fast 

•Resilience,  steel  ball,  inches 

10.9 

• specification 


'Efficiency  Cone.  Adj.  to  ”60”  Shore  A Hardness 
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OXALATES 

Table  15.57:  Diethyl  Oxalate  (2) 


Ethyl  Ethanedioate  (COOC2Hj)2 

Diethyl  oxalate  is  a water-white  liquid  with  a mild  odor.  It  is  used  as  a slow-evaporating  nitrocellulose  solvent,  in 
special  lacquers  for  fixing  rare  salts  on  the  cathode  of  radio  tubes  and  in  orgonic  synthesis. 


Acidity  (aa  oxalic)  0.06%  by  wt,  max 

Blush  resistance  at  60"  F (10%  Clear  90%  Relative  humidity 
} sec.  R.S.  nitrocellulose  so-  Blush 
lution) 


0.00066 

0.00101 

Water-white 

3.5 

0.7 


Coefficient  of  expansion 
per  1"F 
per  1"C 
Color 

Dilution  ratio 
Toluol 

Petroleum  naphtha 
Distillation  range 
Below  180"C 
Below  182"C 
Below  188"C 
Above  190"C 
Dryness  at  20"C 

Flash  point  (Open  Cup) 
Non-volatile  matter 
Odor 
Purity 

^)ccific  gravity  at  20/20"C 
Water  solubility  at  25"C 
Viscosity  (10%  J sec.  R.S.  ni- 
trocellulose solution) 

Weight  per  gal  at  20"C 


None 

Not  more  than  10% 

Not  less  than  90% 

None 

Miscible  without  turbidity  with  20 
volumes  60"  B6  gasoline 
168"F 

0.005  gm  per  100  cc,  max 
Mild,  non-residual 
99%  min 
1.075-1.079 

10  cc  solvent  dissolves  1.5  cc  water 


380  centipoises 
8.96  lbs  (approx) 


Table  15.58:  DIbutyl  Oxalate  (2) 


C^H^OOCCOOC^H^ 


Dibutyl  oxalafe  is  a high-boilmg,  wafer-white  liquid  with  a mild  odor  and  having  a tendency  to  hydrolyze  and  split  off 
oxalic  acid.  It  is  miscible  with  most  alcohols,  ketones,  oils  and  hydrocarbons,  and  is  a solvent  for  benzyl  abletate, 
cellulose  esters  and  ethers,  "Cumar"  resins,  ester  gum,  copal  ester,  "Glyptal"  resins  and  mastic.  It  Is  used  in  nitrocellulose 
lacquers  as  a plasticizing  solvent  for  the  purpose  of  fixing  rare  earth  salts  on  cathode  elements,  and  in  organic  synthesis. 


Acidity  (aa  oxalic) 

Blush  resistant  at  90"F  (1.0% 
R.S.  i sec.  nitrocellulose  so- 
lution) 

Coefficient  of  expansion 
per  1"F 
per  rC 
Color 

Dilution  ratio 
Toluol 

Petroleum  naphtha 
Distillation  range: 

Below  240"C 
Below  248"C 
Above  255"C 
Dryness  at  20"C 

Freezing  point 
Non-volatile  matter 
Solubility  of  water  in  solvent 
at  25"C 

SpeciBc  gravity  at  20/20“C 
Viscosity  (10%  J sec.  nitrocellu- 
lose solution) 

Weight  per  gal  at  20*C 


0.05%  by  wt,  max 

Clear  90  Relative  humidity 

Blush 


Not  more  than  5% 

Not  less  than  90% 

None 

Miscible  without  turbidity  with  20 
volumes  60"  B^  gasoline 
-30.0"C 

0.005  gm/100  cc,  max 
0.5%  by  vol 


0.980-0.993 
800  centipoises 

8.24  lbs 


0.00053 

0.00095 

Water-white 

2.3 

1.0 
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Table  15.59:  Diamyl  Oxalate  (2) 


C^H^^OOCCOOC^H^^ 

Diamyl  oxalate  is  a colorless,  oily  liquid  miscible  with  most  lacquer  solvents,  oils  and  hydrocarbons.  It  is  a solvent  for 
ester  gum,  copal  ester,  "Cumar"  resins,  alkyd  resins,  mastic,  nitrocellulose  and  shellac.  It  is  used  as  a plasticizer  and 
paint  and  varnish  removers.  Like  other  oxalates,  it  has  a tendency  to  hydrolyze. 

Boiling  point  265®C . 

Flashpoint  1I6®C. 

Specific  gravity  0.97 


LACTATES 

Table  15.60:  Methyl  Lactate  (2) 


CH^CH{OH)COOCH^ 

Methyl  lactate  is  a water-white  liquid,  completely  miscible  with  water  and  most  organic  liquids.  It  is  a solvent  for 
nitrocellulose,  cellulose  acetate,  cellulose  acetobutyrate  and  cellulose  acetopropionate.  It  is  used  in  the  manufacture 
of  lacquers  and  dopes  where  it  contributes  high  tolerance  for  diluents,  good  flow  and  blush  resistance. 


Acidity  (aa  lactic) 

BoiliDf  point 
Color 

Diatillation  range: 

Below  IWC 

Between  141  *C  and  145'*C 
Above  155-C 
Flaah  point 
Heat  of  combuation 
Freeaing  point 
Non-volatile  matter 
Purity 

Refractive  index  at  20*C 
Specific  gravity  at  20/20*C 
Water  at  20*C 

Weight  per  gal  at  68*F 


0.15%  by  wt,  max 

144.«*C 

Water-white 

None 

Not  leas  than  60% 

None 

51.7*C 

4778  calories  per  gram 
Approx  06  *C 

0.01  gram  per  100  ec,  max 

05%  min 

1.4131 

1.0S7  to  1.097 

No  turbidity  when  mixed  with  19 
volumes  of  00*  B4  gasoline 
9 .09  lbs 


Table  15.61:  Ethyl  Lactate  (2) 


CH^CH(OH)COOC^H^ 

Ethyl  lactate  is  a colorless  and  almost  odorless  liquid,  which,  upon  evaporation,  will  sometimes  develop  a disagreeable 
odor.  This  is  owing  to  the  lactides,  or  inner  anhydrides,  contained  in  the  lactic  acid  made  by  fermentation.  It  is  mis- 
cible with  water,  alcohols,  ketones,  esters,  hydrocarbons  and  oils.  Ethyl  lactate  will  dissolve  cellulose  acetate  and 
nitrate  and  many  of  the  ethers  of  cellulose.  It  is  also  a solvent  for  basic  dyes,  alkyd  resins,  kauri,  manila,  pontianac, 
rosin,  shellac  and  vinyl  resins.  Ethyl  lactate  has  high  solvent  power  and  equally  high  tolerance  for  nonsolvents  and  dil- 
uents. These  exceptional  properties  are  accounted  for  by  the  existence  of  both  an  alcohol  and  an  ester  group  in  its 
molecule . 

Its  rate  of  evaporation  is  slow  but  this  is  desirable  for  brushing  lacquers.  The  presence  of  ethyl  lactate  in  a solvent  mix- 
ture imparts  good  working  qualities  and  good  flow,  and  permits  the  application  of  a thin  coat  on  almost  any  surface.  The 
resulting  films  are  smooth  and  uniform,  although  at  times  the  film  will  remain  soft  for  a longer  period  than  is  anticipated. 
Its  solvent  action  is  slower  than  that  of  butyl  or  amyl  acetate  and  the  resulting  solution  has  a high  viscosity.  However, 
it  will  tolerate  two  or  three  times  as  much  nonsolvent  or  diluent.  In  fact,  a solution  of  pyroxylin  in  ethyl  lactate  will 
tolerate  the  addition  of  25  percent  water  without  precipitation.  As  far  as  water  tolerance  is  concerned  it  has  no  rival 
in  the  field  of  solvents.  Ethyl  lactate  is  useful  as  a lacquer  solvent  for  cellulose  nitrate,  acetate  and  ethers.  It  is  used 
in  the  preparation  of  stencil  sheets,  incandescent  mantle  lacquers  and  in  laminated  glass. 


(continued) 
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Table  15.61:  (continued) 


Physical  Properties  and  S-peeijicaiions 

lactic)  0.08%,  max 

Water-white 


Acidity  (as 
Color 
Distillation  range; 

Below  102°C 
Below 

Below  155*C 
Above  live 
Dryness 

Non-volatile  matter 

Odor 

Purity 

20“C 

Specific  gravity  at 

Blush  resistance  at  90°F  (10% 
i-sec.  R.S.  nitrocellulose  sol.) 

Coefficient  of  expansion 
Dilution  ratio 

Evaporation  rate  at  95“F 
Per  cent 
Minutes 
Flash  point 
Viscosity 

(10%  i-sec.  R.S.  nitrocellu- 
lose solution) 

Water  solubility 


None 

Not  more  than  10% 

Not  less  than  90% 

None 

Miscible  without  turbidity  with  20 
vols  60“  B6  gasoline  at  20“C 
0.005  g/100  cc,  max 
Mild,  non-residual 
96%  min 


Clear  80%  Relative  humidity 

Blush  85% 

f0.00058/l“F 

\0. 00104/1  “C 

5.5  with  toluene 

0.8  witfi  petroleum  naphtha 


Soluble  in  all  proportions  (25°C) 


5 25  50  75  90  95 

4 23  47}  73  92}  101 
129“F.  (approx) 

195  centipoises 


1.020-L036 


Table  15.62:  Butyl  Lactate  (2) 


CH3CH(0H)C00C^H^ 


Butyl  lactate  is  a colorless  liquid  having  a mild  odor.  The  commercial  grade  contains  condensation  products  and  its  physi- 
cal and  chemical  properties  will  vary.  It  is  miscible  with  many  of  the  lacquer  solvents,  diluents  and  oils.  It  will  dissolve 
such  substances  as  cellulose  esters,  "Cumar"  resins,  ester  gum,  copal  ester,  alkyd  resins,  mastic  and  shellac.  It  has  a high 
tolerance  for  nonsolvents  and  it  evaporates  slowly.  Its  presence  in  a solvent  mixture  will  impart  brilliance,  gloss,  adhesion, 
flexibility  and  tenacity  to  the  film.  It  is  used  as  a solvent  in  lacquers,  in  stencil  manufacture  and  in  lithographic  and 
printing  inks.  It  is  also  used  as  an  anti-skinning  agent,  as  an  intermediate,  and  in’perfumes. 


Purity 

specific  gravity  at 

Acidity  (as  lactic) 

Water 

Non-volatile  matter 
Color 

Distillation  range 
Below  140"C 

Between  155“C  and  195“C 
Between  187“C  and  189“C 
Dry  point 
Molecular  weight 
Odor 

Flash  point 
Freezing  point 
Weight  per  gallon 
Solubility  in  water 
Solubility  of  water 
in  butyl  lactate 
Refractive  index 
Vapor  pressure 
Heat  of  vaporization 


95%  ester  by  wt,  min 
0.974  to  0.984 
0.15%  max 

No  turbidity  w'hen  mixed  with  19 
vols  of  60“  B4  gasoline  at  20“C 
0.01  g per  100  cc,  max 
Water-w'hite 

None 

Not  less  than  60  per  cent 
Not  less  than  90  per  cent 
Not  above  200“C 
146.11 

Mild  (No  residual  odor) 

7rC  (159.8“F) 

-43“C 

8.15  lbs.  (68“F) 

3.4%  by  vol  (25“C) 

13.0%  by  vol  (25“C) 

1.42162  (20"C) 

0.4  mm  Hg  (20“C) 

77.4  cal/g  (20“C) 
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Table  15.63:  Amyl  Lactate  (2) 


CH^CH{OH)COOC^H^^ 


Amyl  lactate  is  a colorless  to  pale  yellow  nontoxic  liquid  with  an  odor  like  that  of  brandy.  Its  composition  varies  con- 
taining lactic  ides  among  other  things.  It  is  miscible  with  alcohols,  ketones,  esters,  hydrocarbons,  oils,  and  so  forth. 

It  is  a solvent  for  cellulose  ethers,  "Cumar"  resins,  copal  esters,  mastic,  nitrocellulose  and  shellac,  and  will  dissolve  alkyd 
resins  when  combined  with  alcohol . It  is  used  as  a plasticizer  for  cellulose  derivatives. 


Acidity  (as  lactic) 

Color 

Distillation  range  at  20.  mm. 

Flash  point 

Purity 

Specific  gravity  at  20®C. 
Weight  per  gal . 


0.05%  by  wt,,  max. 
Water- white 

100%  between  75®-150®C. 
175®F. 

At  least  95%,  min . 
0.954-0.966 
7.99  lbs. 


Table  15.64:  Physical  Properties  of  Lactates  (2) 


B.P. 

tr.  OB. 

BBfBACTIVX 

IMSBX 

BAFOMIflCATlON 

VAUJS 

1 B.P. 

V.  OB. 

BSrBACTlVB 

IMBCX 

|l 

•C  1 Mm. 

Calcd.  1 Found 

•C  1 Mm. 

1 CbIcA  I Found 

Lactic  Eaters Acetoxypropionate  Egtera 


Methyl 

144.8 

760 

d”  1.0898 

f*“  1.4132* 

Methyl 

171.5 

760 

d*;  1.088 

n*  1.4111 

Ethyl 

154.5 

760 

d‘*  1.0308 

n"  1.4121* 

Ethyl 

177 

733 

d"  1.0458 

np  1.4086* 

n-Propyl 

86 

40 

dSS  0.996 

n?  1.4167* 

n-Propyl 

195-6 

766 

dS:  1.0163 

n”  1.4123 

Isopropyl 

166-8 

760 

d!S  0.998 

n?  1.4082* 

Isopropyl 

182-3 

765 

dS:  0.9920 

n*  1.4068 

n -Butyl 

185 

760 

dIS  0.973 

nS  1.4214* 

n-Butyl 

213^ 

767 

d’J  1.0001 

nj  1.4147 

Isobutyl 

96 

40 

dJS  0.971 

n?  1.4183* 

Isobutyl 

205 

763 

d;:  0.9952 

n”  1.4140 

sec-ButyP 

180 

760 

d;S  0.974 

n-Amyl 

226-7 

763 

d:;  0,9822 

n”  1.4199 

n-Amyl 

112 

40 

d;S  0.952 

nl  1.4254* 

Isoamyl 

221-2 

763 

d:; 0.9838 

n”  1.4190 

Isoamyl 

82 

7 

d:;  0.9614 

n”  1.4240 

350 

353 

n-Hexyl 

135 

17 

dj: 0.9770 

n”  1.4232 

619 

519 

n-Hexyl 

75 

2 

dj;  0.9533 

n*  1.4290 

322 

322 

2-Ethyl  butyl 

127 

14 

d;;  0.9822 

nZ  1.4245 

619 

622 

2-Ethyl  butyl 

104 

12 

dJS  0.9615 

nS  1.4307 

322 

321 

2-Ethyl  hexyl 

146 

13 

dH  0.9629 

n”  1.4298 

460 

462 

2-Ethyl  hexyl 

112 

3.6 

dj;  0.9405 

n“  1.4358 

277 

278 

Lauryl 

166 

4 

d“  0.9304 

n?  1.4373 

373 

370 

Lauryl 

160-3 

4 

d;;  0.9108 

n?  .14433 

217 

212 

Phenyl  ethyl 

139 

4 

d;;  1.0983 

n?  1.4896 

476 

476 

Phenyl  ethyl 

124 

4 

d;;  1.0979 

n?  1.5073 

289 

293 

Acetoxyethyl  (glycol  mono- 

145 

10 

d*;  1.1489 

n?  1.4207 

Glycol^ 

140 

10 

d;;  1.1967 

n?  1.4462 

419 

413 

lactate  diacetate) 

Glycerol^ 

175-80* 

2 

I n"  *1.6049 

Bensyl 

146.8 

4 

d*J  1.1227 

nt  1.4874 

Beniyl 

134 

4 

d*®  1.1366 

Glycerol  mooolactate  tri- 

Stearyl 

180* 

2 

actetate* 

• Where  no  reference  is  given,  the  properties  were  determined  by  the  authors,  * Monolaotate. 

• Properties  not  given  in  the  reference  but  determined  by  the  authors.  * Decomposed. 

• Compounds  not  prepared  by  authors. 


CARBONATES 

Table  15.65;  Diethyl  Carbonate  (2) 

Ethyl  Carbonate 

DIATOL  (contains  90%  diethyl  carbonate/  ^^2  ^5^2^  ^3 


Acidity  (as  carbonic)  0.02%  by  wt,  max 

Blush  resistance  at  90**F  (10%  Clear  85%  Relative  humidity 
1 sec.  R.S.  nitrocellulose  so-  Blush  90% 
lution) 


Boiling  point 
Coefficient  of  expansion 
per  IT 
per  1"C 
Color 

Dilution  ratio 
Toluol 

Petroleum  Naphtha 
Distillation  range: 
Below  120*C 
Below  128“C 
Above  ia0*C 
Dryness  at  20*C 


180“C 

0.00066 

0.00119 

Water-white 


None 

Not  less  than  90% 

None 

Miscible  without  turbidity  with  20 
vols  60*"  Bd  gasoline 


Evaporation  rate  at  95“F  (in 
minutes) 

5% 

25% 

50% 

76% 

90% 

96% 

Flash  point 
Freezing  point 
Non-volatile  matter 
Purity 

Solubility  in  water 
Solubility  of  water  in  solvent  at 
25“C 

Specific  gravity  at  20/20**C 
Vapor  preMure  at  lOS^'C 
Weight  per  gal  at  20*C 


U 

7* 

14* 

24 

311 

34} 

89T 

48.2*C 

Not  more  than  0.005  gm  per  100  cc 
98-100% 

69%  by  wt 
1.4%  by  vol 

0.978-0.977 
54  mm  Hg 
8.11  lbs  (approx) 
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Table  15.66:  JEFFSOL  Carbonates  (48) 


JEFFSOL  Ethylene  Carbonate 
(CAS  96-.49-1) 


STRUCTURE 


H2C-O, 

H2C--O" 


c=o 


Mol.  wt.  88.06 


DESCRIPTION 

A low-melting  point  solid,  practically  odorless 
and  colorless. 


SALES  SPECIFICATIONS 


Appearance 


Color,  Pt-Co 
Assay,  wt. 

Ethylene  glycol,  wt.  % 
Water,  wt. 


Melt  shall  be  clear 
and  substantially  free 
of  suspended  matter 
40  max.  (supercooled 
liquid) 

99.5  min. 

0.2  max. 

0.1  max. 


TYPICAL  PROPERTIES 

Boiling  point,  760  mm  Hg,  °C  248.2 


Flash  point,  PMCC,  °C  160 

Melting  poin!,  °C  36.4 

Weight,  Ib/gal,  20°C  11.0 

UEL,  (v/v)  at  200°C  26.8% 

LEL,  (v/v)  at  200°C  4.5% 

Autoignition  temp.  447-450°C 


*GC  Assay  on  water  free  basis 
^Karl  Fisher  Assay 


JEFFSOL  Propylene  Carbonate 
(CAS  108-32-7) 


STRUCTURE 


H2C-O 

HC-0 


C=0 


i 


CH3 


Mol.  wt.  102.09 


DESCRIPTION 

A clear,  mobile,  hygroscopic  liquid  at  room 
temperature. 


SALES  SPECIFICATIONS 


Appearance 


Color,  Pt-Co 
Assay,  wt.  %‘ 
PG,  wt.  % 
Water,  wt.  %^ 


Clear  and  sub- 
stantially free  of 
suspended  matter 
40  max. 

99.7  min. 

0.2  max. 

0.1  max. 


TYPICAL  PROPERTIES 

Boiling  point,  760  mm,  °C 

242 

Rash  point,  PMCC,  °F 

275 

Melting  point,  °C 

-49.2 

Vapor  pressure,  mm  Hg,  20°C 

0.02 

Weight,  Ib/gal,  20°C 

10.1 

Ash,  wt.  % 

0.01  max. 

Specific  gravity,  20/20°C 

1.203  min. 

UEL,  (v/v)  at  200°C 

1.210  max. 
26.8% 

LEL,  (v/v)  at  200°C 

4.5% 

Autoignition  temperature 

430°C 

(continued) 
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Table  15.66:  (continued) 


Dielectric  Constants  of  Mixtures 

JEFFSOL  EC,  WT  % 


Solvent 

Ibmperatura 

0 

20 

40 

60 

80 

100 

Benzene 

25°C 

2.27 

9.47 

21.2 

38.6 

62.6 

Solid 

40'C 

2.24 

9.03 

20.0 

36.1 

58.5 

89.1 

Methanol 

25°C 

32.6 

39.1 

47.4 

58.6 

74.0 

Solid 

40'C 

29.8 

35.9 

43.7 

54.0 

68.5 

89.1 

JEFFSOL  PC 

25°C 

65.0 

69.1 

74.6 

80.5 

87.2 

Solid 

Water 

25"C 

78.5 

80.5 

81.6 

83.3 

86.4 

Solid 

JEFFSOL  PC  Solubility 


g Solute  In 

g Solute  in 

100  g JEFFSOL  PC 

100  g JEFFSOL  PC 

Substance 

at  25*C 

Substance 

at  25*C 

Acetone 

00 

Carbon  tetrachloride 

100 

Benzene 

00 

Castor  oil 

<1 

n-Butanot 

00 

Cellulose  acetate 

>10(30°C) 

2<Butoxyethanol 

00 

Cellulose  acetate  butyrate 

>10(30°C) 

Chloroform 

00 

C0CI2  • 6H2O 

3.0(40°C) 

Dibutyl  sebacate 

00 

Co(N03)2*6H20 

25.4(40“C) 

Diethylene  glycol 

00 

Coumarone-indene 

>10(1 10"C) 

DIethylene  glycol 

DDT 

17 

monobutyl  ether 

00 

Dioctyl  sebacate 

2 

DIethylene  glycol 

Epichlorohydrin<bisphenoi 

>10(30°C) 

monomethyl  ether 

00 

Ester  gum 

>10(120“C) 

Diethyl  ether 

00 

Ethyl  cellulose 

>10(145®C) 

Di(2-ethylhexyl)  phthalate 

00 

Gum  shellac 

>10(175"C) 

Dimethylformamide 

00 

n-Heptane 

4.1 

Ethanol 

00 

HgCl2 

21.0(40"C) 

Ethyl  acetate 

00 

Lignin 

>10(30“C) 

Ethylene  dichloride 

00 

Lindane 

18 

Ethylene  glycol 

00 

Methyl  chloride 

4.1(40"C) 

Methanol 

00 

NICI2-6H20 

0.4(40°C) 

2-Methoxyethanol 

00 

Ni(N03)2‘6H20 

5.8(40°C) 

Methyl  ethyl  ketone 

00 

Nitrocellulose 

>10(30°C) 

Nonylphenol 

00 

Nylon 

>10(190°C) 

Ortho-nitrobiphenyl 

00 

Polyacrylonitrile 

10(90"C) 

Polyoxyethylene  glycols 

Polyoxyethylene  glycols 

(mol.  wt.  400  and  600) 

00 

(mol.  wt.  1000  and  4000) 

>100 

Propylene  oxide 

00 

Polyvinyl  chloride 

>10(100°C) 

JEFFSOL  EC 

00 

Polyvinyl  chloride- 

Toluene 

00 

polyvinyl  acetate 

10(30"C) 

Tricresyl  phosphate 

00 

Polyvinyl  chloride- 

Triethylene  glycol 

poiyvinylidene  chloride 

10(130"C) 

di-2-ethyl  hexoate 

00 

Polyvinylidene  chloride- 

Xylene 

00 

polyacrylonitrile 
Rosin,  dibasic  acid 

10(1 10°C) 

Acetylene 

modified 

>10(1 20°C) 

0.6(40°C) 

Tri(2-ethylhexyl)  phosphate 

5 

Alkyd  resin,  long  oil- 

Urea 

<1 

nonoxidizing 

>10(60°C) 

Water 

8.3 

Camphor 

80 

(continued) 
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Table  15.66:  (continued) 


JEFFSOL  EC  Solubility 


g Solute  In 

g Solute  In 

100  g JEFFSOL  EC 

100  g JEFFSOL  EC 

Substanca 

at  40*C 

Substance 

at  40^C 

Benzene 

X 

Coumarone-indene 

>10(190®C) 

Butyl  acetate 

X 

Dibutyl  sebacate 

<2 

Chloroform 

X 

Dioctyl  sebacate 

<1 

Dichloroethyl  ether 

X 

Di(2-ethylhexyl)  phthalate 

<2 

Ethanol 

X 

Epichlorohydrin-bisphenol 

>10 

Ethyl  acetate 

X 

Ester  gum 

>10(200"C) 

Ethylene  dichtoride 

X 

Gum  shellac 

>10(160"C) 

Formamide 

X 

HgCl2 

49 

Methanol 

X 

Lignin 

>10 

Methylene  dichloride 

X 

Naphthalene 

15 

Nonviphenol 

X 

Ni(N03)2*6H20 

74 

JEFFSOL  PC 

X 

Nitrocellulose 

>10 

Toluene 

X 

Nylon,  Type  8 

Tricresyl  phosphate 

X 

molding  powder 

>10(130X) 

Water 

X 

Polyacrylonitrile 

>10 

Polyoxyethylene  glycols 
Rosin,  dibasic  acid 

100 

Acetylene 

0.6 

modified 

>10(205*^0 

Aikyd  resin,  long 

Sulfur  dioxide 

26 

oil-nonoxidizing 

>10(160"C) 

Triethylene  glycol 

Camphor,  DSP 

55-60 

di-2-ethyl  hexoate 

5-7 

Castor  oil,  USP 

<1 

Tri(2-ethylhexyl)  phosphate 

<2 

Cellulose  acetate 

>10(100"C) 

Urea 

1.5 

Cellulose  acetate  butyrate 

>10(130"C) 

Vinylidene  chloride- 

C0CI2  • 6H2O 

33 

acrylonitrile 

10(11  OX) 

Co(N03)2  • 6H2O 

37 

ZnCl2 

33 

TEMPERATURE.  "C 


(continued) 
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Table  15.66:  <continued) 


Viscosity  of  JEFFSOL  EC 


Viscosity  of  JEFFSOL  PC 


VAPOR  PRESSURE,  mm  Hg 


Table  15.66:  (continued) 
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PHTHALATES 

Table  15.67:  Alkyl  Benzyl  Phthalatee  (75) 
SANTICIZER  261 


Tbble  A,  ProparHee 


Molecular  Weight 

368 

•Acidity 

(meq/100gm.  nnax) 

0.37 

•Appearance 

Clear,  oily  liquid 

•Cc3lor(APHA)(max.] 

75 

• Moisture  (KF  in  Methanol) 
%,  max. 

0.15 

Odor 

Slight,  characteristic 

• Refractive  Index  (@  25®C) 

1.523-1.529 

• Specific  Gravity 

(25725°C) 

1.065-1.074 

Density  (@  25®C) 
ca.  Ibs./gal. 

8.9 

Pour  Point  (®C) 

-45 

Boiling  Point 

@ 10mm  Hg,  °C 

252 

Vapor  Pressure  (mm  Hg) 
@200“C 

0.5 

@ 250‘’C 

9.7 

Viscosity  (Centistokes) 
@25“C 

53 

@ 98.9“C 

4.2 

Surface  Tension 

35.3 

@ 24®C  (dynes/cm) 

Thermal  Expansion 
Coefficient 

0.00059 

@ 10“-40®C 
(co/ccrC) 

Flash  Point  {C.O.C.)rF.l 

445 

Solubility  In  Water 
@ 25"C,  % 

0.00003 

Hydroxyl  number 

<3 

CAS  Number 

68515-40-2 

Tbble  B.  Santici«ei<^261  — Properties  of  Acrylic  Lacquere 


Flasticisar 
(at  29%) 

Hard- 

naas* 

Waatharomatar 

Qloaa/ 

Haflactanca 

Fob" 

Wiluo 

Sohrant 

Craca* 

10X. 

11 

Santicizef®160 

F/H 

Std. 

Std. 

37  SR 

4 

checked 

checked 

Std, 

Santicizer  261 

F/H 

66  SR 

6 

checked 

OK 

Equiv. 

1 . Pencii  Hardness  - The  film  is  harder  than  the  top  letter,  softer  than  the  bottom  letter. 

2 Specular  Reflection  fSR)  or  plate  glass  covers  over  breakers  m which  the  plastici/ed  films  were  heated  tor  1 hr.  re  1 10^. 

3.  Celloptianelupe  rnultiocl. 

4.  Coated  panels  conditioned  at  5 and  10'^  C.  - a drop  of  methyl  ethyl  ketone  was  applied  and  allowed  to  dry.  Crazing  deterrrvned  by  visual  observation 
(with  magnifying  lens), 

5.  Panels  immersed  in  water  at  4CTC.  for  1 00  hours -rated  by  ASTM  test  D-714. 


Tbbl«  C.  Santlclx«r^261  — Performanc«  in  PVC 


(30%) 

43PHR 

(40%| 

67PHR 

(30%l 
100  MR 

Volatility,  24  hours  at  87“C  in  carbon 

2.1 

2.1 

2.3 

Low-temperature  flex,  Tf  ®C 

-7 

-26 

-40 

Water  extraction.  24  hours  at  50®C 

0.02 

0.07 

0.08 

Kerosene  extraction,  24  hours  at  23®C 

1.0 

3.8 

8.8 

Shore  “A"  hardness,  10  second  reading 

89 

71 

54 

lbbl«  D.  Santlcixar^261  — Performanc#  in  Plastisoi  Formuiation 


Viscosity,  poises  Brookfield  HAT  #6  Spindle 

OORPM 

66PHR 

Initial 

63 

23»C 

7 Days 

74 

28  Days 

86 

initial 

32 

40°C 

7 Days 

110 

28  Days 

170 

Initial 

36 

OOX 

7 Days 

150 

28  Days 

Gel 

lOpSi 

160 

Severs 

50  psi 

230 

lOOpsI 

180 

Yield  Value,  dynes/cm^ 

28 

Flow  Index 

3.6 

Gel  Temperature, 

67 

Fusion,  Relative  Temperature,  ®C  1 59 


(continued) 
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Table  15.67:  (continued) 


Table  E.  Plasticizer  Effect  on  Polysulfide  Polymer  Table  F.  Polysulfide  Strength  at  Break  as  a Function 

Strength  of  Plasticizer  Level 


Data  Courtesy  of  Morton  Thiokol.  Inc. 


Pormulstlow  (parts  by  weight-pbw) 

Part  A 

LP-32  Polymer  100 

Uitrafine  precipitated  CaCOs  50 

Stearic  Acid  0.5 

Sulfur  0.1 

Santicizer«  261  0-30 

Part  B 

Mn02  7.5 

Santicizer  278  7.5 


•Plasticizer  as  % of  total  system. 


Table  G.  Polysulfide  Elongation  at  Break  as  a Function 
of  Plasticizer  Level^ 


PLASTICIZER  LEVEL- pbw 

Elongation  at  break 

' Plasticizer  Effect  on  Calcium  Carbonate  Filled 
Potysutfide  Composition.  (Cast  sheets  cured  7 
days  at  70-72“F  and  44-40%  Relative  Humidity.) 


(continued) 
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Table  15.67:  (continued) 

SANTICIZER  278 


Table  A,  Propertlee 


Molecular  Weight  455 

Viscosity  (Centistokes) 

@ 0“C  ca.  10,000 

@ 25°C  860 

@98.9°C  11.5 

•Acidity  0.37 

(meq/IOOgm.  max) 

• Appearance  Clear,  oily  liquid 

• Color  (APHA)  [max.]  175 

Surface  Tension  34.8 

@ 25®C  (dynes/cm) 

• Moisture  (KF  in  0.15 

Methanol)  % max. 

Thermal  Expansion  0.00073 

Coefficient 

@10°~40°C 

(cc/ccrC) 

Odor  Slight,  characteristic 

• Refractive  Index  (@25®C)  1 .516 — 1 .520 

• Specific  Gravity  1 .093  - 1 . 1 00 

(25725°C) 

Flash  Point  (C.O.C.)  [®F.]  440 

Density  {@  25°C)  9.1 

ca.  Ibs./gal. 

Fire  Point  (C.O.C.)  rF.j  535 

Solubility  In  Water  Practically  insoluble 

@ 25°C,% 

Boiling  Point  243 

@ 10mm  Hg,  °C 

CAS  Number  16883-83-3 

Vapor  Pressure  (mm  Hg) 

@ 200°C  0.5 

@250°C  15 

* SpecificaTion 

Table  B.  Santlclaei^  278-Perfonnence  In  PVC  (40  Mil  Sheet) 


(30%) 

43PHR 

(40%) 

67  PNR 

(60%) 
100  PHR 

Volatility  (%  Lost)  (Activated  Carbon  24  hours  at  87®C) 

0.7 

0.7 

0.7 

Low-temperature  Flex,  Tf  ®C 

+ ^9 

2 

-14 

Water  immersion  (24  hours  at  50”C) 
% soluble  matter  lost 

0.01 

0.02 

0.04 

% water  absorbed 

0.28 

0.33 

0.36 

Kerosene  extraction  (24  hours  at  23”C) 
(%  plasticizer  tost) 

0.3 

0.5 

1.3 

Shore  “A"  Hardness,  10  second  reading 

97 

85 

65 

Migration,  Linde  Silica: 
1 day 

0.0 

0.0 

0.0 

3 days 

0.04 

0.08 

0.3 

7 days 

0.05 

0.14 

0.5 

Tensile,  p.s.i. 

3180 

2600 

2030 

Elongation,  % 

258 

340 

410 

Modulus  (it  100%  Elongation 

3140 

1850 

840 

Heat  Stability 

Good 

Good 

Good 

Migration  Resistance  to  Nitrocellulose 

Good 

Good 

Good 

Fluxing  Rate 

Good 

Good 

Good 

Table  C.  Santicleer^278— Performance  In  Plastleol  Formulation 


Viscosity,  poises  Brookfield  HAT  Spindle 

50  RPM 

65  PHR 

initial 

1370 

23X 

7 Days 

'1420 

28  Days 

1400 

Initial 

380 

40°C 

7 Days 

560 

28  Days 

640 

Initial 

160 

SOX 

7 Days 

600 

28  Days 

900 

lOpsi 

; 3400 

Severs 

50  psi 

3900 

lOOpsi 

1900 

Yield  value,  dynes/cm^ 

0 

Flow  Index 

2.8 

Gel  Temperature,  *"0 

79 

Fusion,  Relative  Temperature,  “C 

156 

(continued) 
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Table  15.67:  (continued) 


Tbble  D.  Uee  el  Senticteer*  278 to  Beplece  Pelymefic  Plaettclaera 


Smtiels«i«278 

Hi9bM.W..Polyaalar 

Shore  "A"  Hartjness,  10  second  reading 

84 

77 

1 Volatility,  % Rasticizer  Lost  1 

6 days  (5)  87®C  in  carbon 

3.9 

2.0 

Tf."C 

-1 

-18 

1 Extraction,  % Rasticizer  Lost  I 

5%  Caustic,  96  hours  (a)  23°C 

0.1 

0.6 

1 % Ivory  Soap,  96  hours  <§)  50°C 

3.0 

9.2 

Hexane,  4 hours  23®C 

1.6 

1.3 

Hexane,  24  hours  & 23°C 

3.2 

2.7 

Humidity  Compatibility  1 00%  R . H . I 

Days  to  exude  60°C 

Pass* 

70 

Days  to  exude  @ 80°C 

Pass* 

18 

Water  Sensitivity,  24  hours  @ 50°C  I 

% Soluble  Matter  Lost 

0.05 

0.08 

% Absorption 

0.69 

1.28 

Viscosity,  stokes  (w  23°C  I 

Gardner  Bubble 

7 

47 

Fusion,  via  Fisher-Johns  I 

Clear  Point,  ®C 

115 

153  1 

Forrowhitlon ‘Test  terminated  at  126  days  (18  weeks)  with  no  exudation 


PVC  100 

Ptasticizer  67 

MaikWS  1 


Tibi#  1,  Adh#»iw  Migration  R— istanca 


Paai  atiangtti 
ibiJiii/ 

Failuia 

Moda 

limiliionlVpaPaA  | 

Santicizer*  278 

6.2 

Cohesive 

High  M.W.  Polyester 

5.9 

Cohesive 

SoliitioiilVpaPaA  1 

Santiclzer278 

5.0 

Cohesive 

High  M.W.  Polyester 

4.2 

Cohesive 

FonwMiMtIoo ’24  Hours  fti  Room  Temperature 


PVC  100 

Rasticizer  25 

Processing  Aid  5 

Stabilizer  3 

TOa  10 


Tibia  Fn  Rarfomianca  of  Santicisar®  278  In  Molatura 
Curad  Urattiana  Saalanta^ 


Plasticisar  Coneantratioii 
17%  22%  27% 

Modulus,  psi 

200% 

135 

130 

125 

400% 

200 

190 

190 

% Elongation 

540 

490 

490 

Tensile  Strength,  psi 

240 

205 

210 

Shore  A Hardness  C<i  5 sec. 

29 

29 

30 

‘Cured  2 Weeks  at  25"C/50%  Relative  Humidity 


Tibia  Q.  Plaaticizar  Effact  on  PolyaulfMa  Palymar 
Strangth* 


Steancacid  0.5 

Sulfur  0,1 

Santicizen»261  0-30 


PartB 

MnOs  7.5 

Santicizer278  7.5 
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Table  15.68:  Butyl  Benzyl  Phthalate  (75) 
SAIMTICIZER  160 


Ibble  A.  Prop0rti09 

Molecular  Weight 

312 

• Acidity 

(meq/100  gm.  max) 

0.37 

•Appearance 

Clear,  oily  liquid 

• Color  (APHA)  [max.] 

. 40 

• Moisture  {KF  in 

Methanol)  %,  max. 

0.15 

•Odor 

Slight,  characteristic 

• Refractive  Index  (C«^25°C) 

1.535-1.540 

• Specific  Gravity 

(25725"C) 

1.115-1.123 

Density  (^>  25°C) 

ca.  Ibs./gal. 

9.3 

Hydroxyl  No. 

<1 

Crystallizing  Point  (®C) 

<-35 

Pour  Point  (®C) 

-45 

Boiling  Point 

10mm  Hg,  ®C 

240 

Vapor  Pressure  (mm  Hg) 
150°C 

0.16 

^200°C 

1.9 

@ 250**C 

14.4 

Viscosity  (Centistokes) 
@ 0°C 

230 

@ 25°C 

39.5 

@ 98.9°C 

3.42 

Surface  Tension 

39.9 

(w  25°C  (dynes/cm) 

Thermal  Expansion 
Coefficient 

0.00069 

@ 10°-40°C 
(cc/ccrC) 

Flash  Point  (C.O.C.)rF.j 

390 

Fire  Point  (C.O.C.)[T.j 

450 

Solubility  In  Water 

0,0003 

@ 25®C.% 

CAS  Number 

85-68-7 

• Specification 


Tibi#  B.  Pwfonminc^  of  Santlcl«T*160  in  PVC  (40  Mil  Sheet) 


(30%) 

(40%) 

(«0%) 

43PHR 

07  PHR 

100  PHR 

Volatility  (%  Lost)  (Activated  Carbon;  24  hours  at  87®C) 

7.0 

7.7 

8.1 

Low'Temperature  Flex,  Tf  “C 

-3.8 

-24 

-39 

Water  immersion  (24  hours  at  23®C) 

% soluble  matter  lost 

0.06 

0.07 

0.08 

% water  absorbed 

0.35 

0.30 

0.43 

Kerosene  extraction  (24  hours  at  23®C) 

1.0 

3.4 

8.2 

(%  plasticizer  lost) 

Shore  “A”  Hardness,  10  second  reading 

86 

68 

52 

Migration,  Unde  Silica: 

1 day 

0.2 

1.2 

4.0 

3 days 

0.4 

2.5 

7.8 

7 days 

0.7 

4.1 

11.4 

Tensile,  p.s.i.,  ASTM  D-412 

3090 

2270 

1420 

Elor>gation,  %,  ASTM  D-412 

350 

450 

460 

Modulus  100%  Elongation,  ASTM  D-412 

1960 

1000 

510 

(continued) 
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Table  15.68:  (continued) 


Table  C.  Effect  of  Additive  Use  of  Santicizer  160  with 
GPP  Based  Plastisols  on  Gel  and  Fusion  Properties 


Table  D.  Effect  of  Benzyl  Phthalates  on  Fusion 

BANBURY  SIZE  “B’*  116  rpm~240°F.  JACKET  TEMP. 


Santicizer"  160  Ssnticizer  261 


PVAc  ADHESIVE  APPLICATION  DATA 


Tbble  E.  Performance  of  Plasticizers  in  Acrylic 
Automotive  Lacquers 


20%  Plasticizer  Concentration 


Plasticizer 

Humidity^ 

Stability 

Volatility^ 

Sward 

Hardness 

Santicizer^^  160 

1 

46 

44 

Dipropylene  Glycol  Dibenzoate 

8 

51 

52 

DBP 

1 

>70 

46 

Visua/  Rating  t-10;  1 = best;  10  = worst 
Plasticizer  lost  (tr  17CTF  3 mil  coating 


Table  F.  Effect  of  Plasticizers  on  Water  Resistance  of 
AIrflex  320  Emulsion 


3.4 

3.2 

3.0 
2.8 
2.6 

2.4 
22 

2.0 
1.8 
1.6 

1.4 

1.2 

1.0' 

i 

o' 


/ 

r 

t 

> 

7 

z 

Z 

j 

i 

✓ 



Z 

I 

2: 

i 

2 

2 

1 


3 4 5 6 7 8 9 10  n 12  13  14  15  16 

PLASTICIZER  - parts/ 100  parts  emulsion 

Santicizer^*  160  Test  procedure:  A tightly  woven  cotton  cloth 
— DPQDB*  is  laminated  with  the  test  adhesive  and 

allowed  to  dry  thoroughly.  Tbe  lamination  is 

DBP  cut  into  one  inch  wide  strips,  immersed  in 

room  temperature  water  for  one  hour  and 
then  delaminated  in  an  Instron, 


Data  Courtesy  Air  Products  and  Chemicals  Inc. 


Table  G.  Plasticizer  Effect  of  Tg*  of  PVAc  Emulsion 


0 2 4 6 8 10  12  14  16  18  20  22  24  26  28  30 

PLASTICIZER  - parts/ 100  parts  emulsion 


Santicizer"'  160  ’Glass  transition  temperature  was  measured 

DPGDB*  using  a differential  scanning  catorimeter . 

. _ QQ  p Emulsion  is  Airtlex  465 


Data  C<5urto.sy  Air  Products  iind  Clieniicals  Inc 


Table  H.  Plasticizer  Effect  on  Emulsion  Viscosity 


’Dipropylene  Glycol  Dibenzoata 


Esters 
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Table  15.69:  Dibutyl  Phthalate  (75) 
DBP 


Tible  A.  Propertiea 

Molecular  Weight 

278 

Acidity 

(meq/100  gm.) 

0.12 

Appearance 

Clear,  oily  liquid 

Color  (APHA)  max. 

20 

Moisture  (KF  in 

Methanol)  % 

0.15 

Odor 

Slight,  characteristic 

Refractive  Index  (C«^25°C) 

1.4895-1.4915 

Specific  Gravity 

(25725"C) 

1.044-1.048 

Density  (@  25^C) 

ca.  Ibs./gal. 

8.72 

Crystallizing  Point  (®C) 

<-35 

Pour  Point  {'’C) 

-40 

Boiling  Point 

@ 10mm  Hg,  °C 

192 

Vapor  Pressure  (mm  Hg) 
@150°C 

0.8 

@ 200"C 

14 

@ 250‘’C 

100 

Viscosity  (Centistokes) 
@ 0°C 

55.0 

@25“C 

15.6 

@ 98.9"C 

2.4 

Surface  Tension 

35 

@ 30®C  (dynes/cm) 

Thermal  Expansion 

0.00078 

Coefficient 

@ 10°--40°C 
{cc/cc/®C) 

Flash  Point  (C.O.C.)  [°F.] 

340 

Fire  Point  (C.O.C.)  ["F] 

395 

Solubility  In  Water 
@ 3crc.% 

0.001 

General  Solubility 

Soluble  in  all  common 
organic  solvents  and  oils 

CAS  Number 

84-74-2 

Ibble  B.  DIbiftyl  Phthalate— Ivaluatlon  In  Pelyvinyl 
Acetate  AdheeNee  


Pormulatloni  Gelva®  S-55  90%  resin 
Plasticizer  10% 

Room  Temperature  Viscosity, 

cps.  (Brookfield  LVT 

Dlbutyl 

SMlttefaMT® 

#3  Spindle,  30  rpm) 

Phthalcto 

160 

Initial 

2070 

2000 

1 Day 

2080 

1900 

1 Week 

2480 

2170 

2 Weeks 

2520 

2490 

4 Weeks 

4080 

3970 

Wet  Tack  (sec.) 

15 

14 

Open  Time  (min.isec.) 

3:45 

3:30 

Elongation,  % 

385 

335 

100%  Modulus,  psi 

300 

430 

Tensile  Strength,  psi 

690 

920 
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Table  15.70:  Di-2-Ethylhexyl  Phthalate  (DIoctyl  Phthalate)  (75) 
OOP 


Table  A.  PrepertI— 


Molecular  Weight 

391 

Acidity 

0.12 

(meq/IOOgm.  max) 

Appearance 

Clear,  oily  liquid 

Color  (APHA) 

25 

Moisture  (KF  in 

0.10 

Methanol)  % 

Odor 

Slight,  characteristic 

Refractive  Index  (@25°C) 

1.4845-1.4858 

Specific  Gravity 

0.980-0.985 

(25725°C) 

Density  {(&  25°C) 

8.18 

ca.  Ibs./gal. 

Pour  Point  f C) 

-47 

Boiling  Point 

236 

(a)  10mm  Hg, 

Vapor  Pressure  (mm  Hg) 

@200"C 

1.2 

250°C 

18 

Table  B.  Perfennence  In  PVC  (40  Mil  Shee^ 


Viscosity  (Centistokes) 
@ 0"C 
@25°C 
@ 98.9°C 

348.0 

58.0 

4.3 

Surface  Tension 

@ 25°C  (dynes/cm) 

33 

Thermal  Expansion 
Coefficient 

@ 10"-40°C 
(cc/ccAC) 

0.00074 

Rash  Point  (C.O.C.)rF.] 

425 

Fire  Point  (C.O.C.)rF.l 

480 

Solubility  In  Water 
@25^C,% 

<0.005 

General  Solubility 

CAS  Number 

117-81-7  I 

C30%) 

43PNR 

Volatility  (%  Lost)  (Activated  Carbon) 

4.2 

4.0 

4.0 

Low-temperature  Flex,  Tf  ®C 

-17 

-39 

-65 

0.01 

0.03 

0.04 

% water  absorbed 

0.22 

0.25 

0,27 

Kerosene  extraetbn 
(%  plasticizer  lost) 

8.3 

44 

>70 

Shore  ‘'A”  Hardness 

87 

70 

53 

Tensile,  p.s.i. 

2230 

1390 

Elongation.  % 

360 

460 

480 

Modulus  @ 100%  Elongation,  psi 

990 

500 

Flammability,  Limiting  02  Index  * 

23.1 

21.8 

20.3 

•The  Oxygen  Index  Test  results  are  not  intended  to  reflect  pertofmance  of  these  or  any  other  materials  under  actual  Are  conditions.  Each  user  should 
determine  independently  whether  potential  fire  hazards  are  associated  with  the  finished  product,  and  whether  DOP  is  suitable  for  the  particular  use. 


Itebla  C.  DOP  Performance  In  Plaetieol  Formulation 


Viscosity,  poises  Brookfield  HAT  #6  Spindle 


60RPM 

MPHR 

Initial 

36 

23X 

7 Days 

65 

28  Days 

82 

Initial 

25 

40X 

7 Days 

94 

28  Days 

102 

Initial 

28 

80*^0 

7 Days 

210 

28  Days 

260 

10  psi 

58 

Severs 

50  psi 

50 

100  psi 

41 

Yield  value,  dynes/cm^ 

0 

Flow  Index 

1.4 

Gel  Temperature,  ®C 

75 

Fusion.  Relative  Temperature,  °C 

167 

*Air-Release  Rate 

Moderate 

‘Resilience,  steel  ball,  inches 

4.5 

'Efficiency  Cone.  Adj.  to  ‘ ‘60’ ' Shore  A hardness 


Esters 
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PHOSPHATES 

Table  15.71:  t-Butylphenyl  Diphenyl  Phosphate  (75) 
SANTICIZER  154 

Table  A.  ProperMes 


Molecular  Weight  (avg.) 

371 

Phosphorus.  % 

8.4  (Calc) 

•Acidity  (meq/IOOg.)  max. 

0.20 

•Appearance  , 

Clear,  mobile  liquid 

• Color  (APHA)  [max.] 

100 

• Moisture.  % max. 

0.15 

•Odor 

Essentially  odorless 

Retractive  Index 

1.5535-1.5565 

Sp.  Gray.  26*C/25*C 

M76-1.106 

Density  25"C  lbs. /gal. 

9.0 

Crystallizing  Point  ("C) 

<-20 

Pour  Point  (“CJ 

-25 

Boiling  Point 

(«'  10mm  Hg.  "C 

258 

Vapor  Pressure 
(w  200“C 

1.0 

(ri^  250'’C 

7.4 

(w  300“C 

41 

Viscosity  (Centistokes) 

@'0*C 

475 

^^25*C 

58 

C«noo^ 

4.1 

Flash  Point  ((XC.T.) 

505 

Fire  Point  (COC  ”F.) 

590 

Sol.  in  Water  (ii>  25*C 

<0.001% 

Coefficient  of  Thermal 

0.000703 

Expansion 

(fi>  10-40*0  (cc/cc/O) 

Surface  Tension 

(Dynes/cm) 

38,6  @230 

CAS  Number 

56803-37-3 

■SpacAcaiKin 


Table  B.  Santlelser*  1M  Comparative  Performance  In  Plaatielaed,  name>retarded  Compounds 


VINYL  RLM 

Phytleal  Prop«rtiM  In  PVC,  67  PHR 

PlwllciMr 

VC 

Volatility 

%Lo«l 

ttioroHard- 

If 

KoroMfw 

■xtraetion 

Santicizer«  154 

-10.5 

3.1 

78 

.08/.49 

1.4 

Tricresyl 

phosphate 

-14.2 

1.3 

72 

.03/.26 

2,4 

Isopropylated 

triphenyl 

phosphate 

-14.6 

2.9 

77 

.07/.40 

1.9 

Blend  (70/30) 
of  Santicizer 
154/148 

-17.2 

3.0 

75 

.07/.47 

3.0 

Plmw-rrtardnnt  Propnrtins  | 

PtaoliolMr 

%LK|lit 

Flam#  6praa6  lyansmiaaloffi 

(Monaanto  IWo-foot  IVimal  TastI* 

Oxygon 

kidox 

Santicizer®  154 

3.0 

9 

29.5 

Tricresyl 

phosphate 

3.0 

7 

29.3 

Isopropylated 

triphenyl 

phosphate 

3.0 

10 

29.3 

Blend  (70/30)  of 
Santicizer  154/148 

3,3 

15 

28.7 

FonmilBtlBii WW 


Geon’ 102  vinyl  resin  100 

Plasticizer  (as  indicated)  50 

Drapex^  10. 4 epoxidized  linseed  oil  3 

Marir^WS  stabilizer  2 

Atornite^caJciuiTicartxxiatefyier  30 


kiuiiLi  M 

Pliysical  Proportios  | 

Plaaticixor 

Monaanto  Rohomotor 
(66<r7L  100  CPM,r  oral 
T00%(mln.| 

100%  YVnoMi 
Motfuluo 

*“T~" 

Santicizer®  154 

5.5 

610 

995 

345 

Isopropylated 

triphenyl 

phosphate 

5.6 

570 

875 

330 

Santicizer  148 

6.0 

490 

815 

385 

Plamo-rotordant  Proportios 

Plastlelsor 

Vortical  Otirn  T»at  (UL  04)*  Oxygon  Indox®  | 

Santicizer®  154 

V-0 

42.0 

Isopropylated 

triphenyl 

phosphate 

V-0 

41.5 

Santicizer  148 

v-0 

39.9 

Formulation 

Paracril'^  OZO  nitrile  PVC  polyblend 
Riovic®  M50  vinyl  chloride  resin 
Hydral®  710  alumina  hydrate 
Hard  Dixie  clay 
MagCarb\ 

Thermogard®  antimony  trioxide 
Dyphos^  stabilizer 
Stearic  acid 

Orapex^  10.4  epoxidized  linseed  oil 
Zinc  oxide 
Spider’^  sulfur 
Thiofide*  MBTS  accelerator 
Thiurad®  TMTO  aoceleralor 
Rasticizer  (as  indicated) 


HM  *The  Oxygen  Index , UL  94 , and  the  Tv»>o-foot 

75  Tunnel  Test  results  are  not  intended  to  reflect 
25  performance  of  these  or  any  other  materials 
1 00  under  actual  fire  conditions.  Each  user  should 

25  determine  independently  whether  potential  fire 
5 hazards  are  associated  with  the  finished 
4 product  and  whether  Saiticizer  154  is  sutable 
3 for  the  particular  use. 

I **^fB*FjGoo^  Inc.  (2)  Argus  Chemical 

' (3)  Thompson  Weinman's  Co.  (4)  Uniroyal  Inc. 

^ ^ (5)  Good^  Tire  & Rubber  Co. 

(6)  Aluminum  Company  of  America 

(7)  Merck  & Co. , Inc.  (8)  M 4 T Chemicals  Inc. 
(9)  ML  Industries  Inc.  (10)  Stauffer  Chemical  Co. 


Tible  C.  Autoignition  Temperature 


(AtTMD-aiS8*6e)  1 

Fluid 

AJ.VT 

Santicizer®  154 

1.050 

Butylated 

triphenyl 

phosphate 

1,025 

Isopropylated 

triphenyl 

phosphate 

1,010 

Hydrocarbon  (typical) 

700  - 750 
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Table  15.72:  2-Ethylhexyl  Diphenyl  Phosphate  (75) 
SANTICIZER  141 


TiMe  A.  Propertlee 


Molecular  Weight 

362 

Phosphorus,  % 

8.6  (Calc) 

•Acidity 

0.20 

(meq/100gm.  max)  I 

• Appearance 

Clear,  oily  liquid 

• Color  (APHA)  [max.] 

40 

• Moisture  (KF  in 

0.10 

Methanol)  %.  max.  I 

• Odor 

Essentially  odorless 

• Refractive  Index  ((§>25®C) 

1.508-1.511 

• Specific  Gravity 

1.0880-1.093 

{25725*^0  I 

Density  (@25"C) 

__ 

ca.  Ibs./gal.  I 

Pour  Point  (®C) 

-54 

Boiling  Point 

239  (decomposes) 

@ 10mm  Hg,  "C 

Vapor  Pressure 
@ 150"C 
@200"C 

0.2 

1.6 

Viscosity  (Centistokes) 

@ 0°C 

61.0 

@25“C 

16.4 

@98.9°C 

2.5 

Surface  Tension 

@ 22°C  (dynes/cm) ' 

33.4 

Flash  Point  (C.O.C.)  m 

435 

Fire  Point  (C.O.C.)rR] 

460 

Solubility  In  Water 
@25°C.% 

0.002 

CAS  Number 

1241-94-7 

Table  B.  Flow  Index  and  Fusion  Points  of 
Various  Plaaticisors 


Pl«stlclx«r 

Q«l  Point,  X 

Fusion  Point,  X 

nowlndox* 

Santicizer^  160 

89 

148 

9.5 

CDP 

100 

143 

13.0 

8antlclx«r  141 

106 

161 

2.4 

DOP 

127 

167 

1.4 

7-9-11  Phthalate 

128 

172 

1.2 

DOA 

139 

175 

0.6 

Santicizer  97 

143 

177 

1.0 

'Ratio  ot  Severs  vise.  (50  psi)  to  Brookfield  vise.  (50  RPM}. 


Table  C.  Plaetleol  Viecoelty  Stability  (Formulated  With  100  PHR  Ooon^lBI) 


Plasticizer 

PHR  Temp., 

Brookfield  Viscosity— Potsei 
X RPM  Initial  1 Day 

1 

7 Days 

28  Days 

DOP 

65 

23 

5 

64 

98 

93 

109 

50 

58 

86 

80 

96 

40 

5 

57 

80 

115 

147 

50 

40 

59 

86 

109 

Santicizer*  141 

65 

23 

5 

94 

147 

208 

259 

50 

56 

84 

112 

154 

40 

5 

128 

896 

7.040 

Gelled 

50 

71 

368 

2,509 

Gelled 

DOP  and  Santicizer  141 

60/5 

23 

5 

64 

70 

86 

112 

50 

54 

59 

67 

94 

40 

5 

48 

104 

147 

224 

50 

34 

66 

101 

133 

DOP  and  Santicizer  141 

50/15 

23 

5 

96 

112 

128 

173 

50 

62 

66 

74 

100 

40 

5 

64 

186 

352 

480 

50 

42 

93 

162 

216 

Severs  Viscosity  Data 

DOP 

Santicizer  141 

DOP  and  Santicizer  141  DOP  and  Santicizer  141 

(66  PHR) 

(66  PHR) 

(60/6  PHR) 

(60/16  PHR)  1 

10  psi  84' 

58 

86 

77 

50  psi  80 

64 

81 

76 

100  psi  62 

58 

60 

54 

(continued) 
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Table  15.72:  (continued) 


Table  D.  Effect  of  Plasticizers  and  Thickness  on  Weatherability  of  PVC  Film 


50 

0 

45 

5 

40 

10 

35 

15 

0 

50 

50 

0 

45 

5 

40 

10 

35 

15 

50 

0 

45 

5 

40 

10: 

35 

15 

0 

i 

I 


4 mil 


400 


800  1200  1600  2000 

Outdoor  (Florida)  Exposure— Sun  Hours  to  Failure 


10  mil 


20  mil 


2400 


2800 


Table  E.  Comparison  of  Film  Formulations  in  Florida  Exposure  Tests  (4  Mil  Unbacked  Film) 


Formula 

plus  1 PHR 

with  5 PHR 

with  5 PHR 

plus 

plus  5 PHR  TiO'> 

plus  5 PHR  Ti02 

Shown 

U.V.  Stabilizer 

Santicizer  141 

Santicizer  141 

5 PHR 

1 PHR  U.V. 

with  5 PHR 

Below 

45  PHR  OOP 

45  PHR  OOP 
1 PHR 

U.V.  Stabilizer 

T€>2 

Stabilizer 

Santicizer  141 
45  PHR  OOP 
1 PHR  U.V.  Stabilizer 

rornMitotion 


PVC 

100 

OOP 

50 

Epoxidizedsoyaoa 

3 

Liquid  Ba/Cd 

2 

Liquid  Zn 

0.25 

Stearic  Acid 

0.5 

U.V.  StaWizer:  2-Hydroxy-4-Methoxy 

Benzophenone 


(continued) 
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Table  15.72:  (continued) 


Table  F.  Santiclaer*  141  —Performance  In  PVC  (40  Mil  Sheet) 


(30%) 

43PHR 

(40%) 

67PHR 

(•0%) 
100  PHR 

Volatility  (%  Plasticizer  Lost)  {Activated  Carbon  24  hours  at  87*^0) 

6.8 

7.4 

GO 

Low-temperature  Rex,  Tf°C  (Clash-Berg  Method) 

-17 

-39 

-58 

Water  immersion  (24  hours  at  50°C) 
% soluble  matter  lost 
% water  absorbed 

0.02 

0.24 

0.06 

0.36 

0.25 

0.50 

Kerosene  extraction  (24  hours  at  23*’C) 
(%  plasticizer  lost) 

3.0 

7.3 

24 

Shore  "A'  Hardness,  10  second  reading 

84 

68 

50 

Migration,  Linde  Silica: 
1 day 

0.3 

1.5 

4.2 

3 days 

1.2 

4.6 

12.3 

7 days 

2.1 

9.0 

22.4 

Tensile,  p.s.i. 

2210 

1310 

Elongation,  % 

320 

440 

510 

Modulus  @ 100%  Elongation 

1810 

820 

450 

Rammability  (Limiting  O2  Index)* 

27.0 

25.4 

24.9 

Heat  Stability 

Fair 

Fair 

Fair 

Migration  Resistance  to  Nitrocellulose 

Poor 

Poor 

Poor 

Ruxing  Rate 

Excellent 

Excellent 

Excellent 

'The  Oxygen  Index  Test  results  are  not  intended  to  reflect  performance  of  these  or  any  other  materials  under  actual  fire  conditions.  Each  user 
should  determine  independently  whether  potential  fire  hazards  are  associated  with  the  finished  product  and  whether  Santicizer  141  is  suitable  for 
the  particular  use. 


Table  0.  Santlelzer®  141 — Performanee  in  Plaatiaoi  Formulation 


Viscosity,  poises  Brookfield  HAT  #6  Spindle  50  PRM 

eSPHR 

Initial 

24 

23X 

7 Days 

59 

28  Days 

88 

Initial 

26 

40X 

7 Days 

640 

28  Days 

Gel 

Initial 

170 

SOX 

7 Days 

Gel 

28  Days 

Gel 

lOpsi 

Severs 

50  psi 

58 

100  psi 

54 

Yield  value,  dynes/cm^ 

12 

Flow  Index 

2.4 

Gel  Temperature,  °C 

64 

Fusion,  Relative  Temperature.  °C 

151 

*Air-release  Rate 

Moderate 

‘Resilience,  steel  ball,  inches 

5.8 

'Efficiency  Cone.  Adj.  to  ‘’60”  Shore  A Hardness 
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Table  15.73:  leodecyl  Diphenyl  Phosphate  (75) 


SANTICI2ER  148 


Tbble  A.  Propertiee 

Molecular  Weight 

390 

Phosphorus,  % 

7.9  (Calc) 

• Acidity 

(meq/100gm.  max) 

0.20 

• Appearance 

Clear,  oily  liquid 

• Color  (APHA)  [max.] 

100 

• Moisture  (KF  in 

Methanol)  %,  max. 

0.10 

•Odor 

Essentially  odorless 

• Refractive  Index  (@25®C) 

1.504-1.510 

• Specific  Gravity 

(25725"C) 

1.069-1.079 

Density  (@  25°C) 

ca.  Ibs./gal. 

8.94 

Crystallizing  Point  (®C) 

<-35 

Pour  Point  (®C) 

<-50 

Boiling  Point 

(w  10mm  Hg,  °C 

245  (decomposes) 

Vapor  Pressure  (mm  Hg) 
@150“C 

<0.1 

@200“C 

0.5 

Viscosity  (Centistokes) 
@ 0“C 

95 

@25“C 

22.5 

@ 98.9°C 

3.0 

Flashpoint  (C.O.C.)rF.j 

465 

Fire  Point  (C.O.C.)[°F.l 

500 

Thermal  Expansion 
Coefficient 

0.00071 

@ 10^-40‘*C 
(cc/cc/°C) 

Solubility  In  Water 
@ 25°C.% 

<0.0008 

CAS  Number 

2976V21-5 

Tibi#  B.  Iffectof  Type  of  Finer 


(25%  Phosphate  Ester  as  Shown  Blended  With  711  Phthalate 


Monsanto  IWo-foot  Itinnol*  Toot 
Inehoa  of  Flamo  Sproad 

Oxygon  Indox 
% Oa  to  Sustain  Burning 

aOPNRAtomIte 

NoSbaOs 

APHRSbaOa 

NoSbaOa 

APHRSbaOa 

Control 

11.9 

6.7 

23.2 

f 26.7 

(No  phosphate  ester) 
Triarylphosphate** 

7.4 

6.8 

25.6 

27.6 

Santlcizer^  148 

8.6 

6.8 

24.4 

26.8 

MPHRHydral***710 

Triarylphosphate** 

3.3 

2.9 

29.4 

30.3 

Santicizer  148 

4.3 

3.3 

28.6 

29.8 

ao  RHR  Atomlto/INa«carb^^  L(2/1) 

Triarylphosphate**  6.6 

4.4 

26.1 

28.9 

Santicizer  148 

4.7 

3.6 

24.7 

28.2 

•For  a description  of  the  Two-foot  Tunnei  and  its  operation,  see  “The  Use  of  a Small  Rame  Tunnel  For  Evaluating  Fire  Hazard”  by  H.L.  Vandersall, 
Journal  of  Paint  Technology.  \/ol.  39,  No.  11,  August  1^7. 

•’Isopropylated  triphenyiphosphate. 

’••Trademark  of  Aluminum  Company  of  America. 

•••Trademark  of  Merck  & Co.  inc.  For  details  see  Monsanto  U.S.  Pat.  3,869,420. 


Tibi*  C.  Vertical  Bum  Parformanca  of  Antimony  THoxIda  Vs.  All  Phosphata 
Estar  (BO  PMR)  Plastictear 


Fodsral  Specification  CCC-T-191b,  Mothod  5903 

Char  Length  (In.) 

Aftsr-flams  (sac.) 

Aftsr-glow 

711  Phthalate  + 4PHRSb20a 

3.2 

9.0 

0 

Triarylphosphate* 

2.5 

1.0 

0 

Santicizer^  148 

2.9 

1.0 

0 

•Isopropyfated  triphenylphosphate. 


(continued) 
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Table  15.73:  (continued) 


Ikbl#  D.  Comparison  of  Smoke  Qonoratlon  (50  PHR  PlasUcIzon 
AtomWo  Wllo^  Monsanto  TWo-fbot  TXinnol  RooMlte 


% Light  TtansmiMion 
at  Maximum  Smoka  Danalty* 

(a)  711  Phthalate  (control) 

12 

(b)  50  PHR  Phosphate  Ester 

Triarylphosphate** 

4 

Santicizer®  148 

29 

(c)  25%  Phosphate  Ester  blend  with 
711  Phthalate 

Triarylphosphate** 

10 

Santicizer  148 

25 

'Monsanto  Two- toot  Tunnel  (as  used  for  plastic)  equipped  with  smoke  box. 
"Isopropylated  triphenylphosphate. 


Ikblo  E.  Comparison  of  Smoko  Qonoratlon  (SO  PHR  Plasticixor; 
AtomRo  Flllorl  MBS  Smoke  Chamber* 


Spacific  Opticai  Danalty 

at  Maximum  Smoka  Danalty  in  Chambar 

Dm  CorractaS 

Fiaming 

Smoldaring 

Awaraga 

(a)  711  Phthalate  (control) 
(50  PHR) 

(b)  50  PHR  Phosphate  Ester 

165 

194 

180 

Triarylphosphate** 

346 

209 

278 

Santicizer®  148 

173 

94 

139 

(c)  25%  Phosphate  Ester  Blend 

with  711  Phthalate 
Triarylphosphate** 

235 

209 

222 

Santicizer  148 

177 

153 

165 

'See  N.B.S.  Tectwical  Note  708:  ASTM  E-662 
'Isopropytated  triphenylphosphate. 


IbMo  R Santicisoro  148— Porformanco  In  PVC  Firs  Retardant  Plastlsol  Formulation 


Brookfield  HAT  #6  Spindle  50  rpm 

Vlacoaity  Polaaa 

Initial 

26 

(g)23°C 

1 Day 

53 

7 Days 

74 

initial 

24 

@40°C 

1 Day 

185 

7 Days 

Gel 

1bbloQ.Santlcbtor*148— PorfermancolnPVC(40MIISIioot| 


(30%) 

43  PHR 

(40%) 

07  PHR 

(00%) 
100  PHR 

Volatility  (%  Plasticizer  Lost)  (Activated  Carbon  24  hours  at  87®C) 

2.9 

2.8 

3.1 

Low-temperature  Flex,  Tt°C  (Clash-Berg  Method) 

-13 

-34 

-50 

Water  Immersion  (24  hours  at  50®C) 
Soluble  Matter  Lost,  % 

0.05 

0.06 

0.16 

Water  Absorbed  % 

0.33 

0.41 

0.53 

Kerosene  Extraction  (%  Plasticizer  Lost  24  hours  at  23°C) 

1.7 

6.4 

14.6 

Shore  "A"  Hardness,  10  second  reading 

83 

69 

52 

Tensile,  p.s.i. 

2930 

2210 

1380 

Ultimate  Elongation  % 

370 

460 

500 

Modulus  @ 100%  Elongation 

1940 

980 

490* 

Heat  Stability 

Fair 

Fair 

Fair 

Fluxing  Rate 

Excellent 

Excellent 

Excellent 

•Flammability  (Limiting  O2  Index) 

26.9 

25.1 

24.7 

Smoke  Generation 

Low 

Low 

Low 

‘For  formulation,  see  Section  III,  Performance  in  PVC. 

‘The  Oxygen  Index  Test  results  are  rx)t  intended  to  reflect  performance  of  these  or  any  other  materials  under  actual  fire  conditions.  Each  user 
should  determine  independently  whether  potential  fire  hazards  are  associated  with  the  finished  product  and  whether  Santicizer  148  is  suitable  for 
the  particular  use. 
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Table  15.74:  Emulsifiable  Triaryl  Phosphate  (76) 


Reofos  1884 

Emulsifiable  triaryl  phosphate 


Introduction 

Reofos  1884  is  a water-dispersible  phosphate  ester 
product  which  combines  the  excellent  flame 
retardance  of  triaryl  phosphates  with  convenient 
dispersibility  in  aqueous  systems. 

Reofos  1884  is  based  on  FMC’s  Reofos  65,  a triaryl 
phosphate  flame  retardant  which  has  found  wide 
acceptance  in  vinyl,  rubber,  and  other  polymer 
systems.  Reofos  1884  contains  no  water  because  it 
is  a homogeneous  mixture  of  Reofos  65  and  a 
nonionic  emulsifying  agent. 

Typical  propartlaa 

Acid  number 

0.26  mg  KOH/g 

Color(APHA) 

150-200 

Specific  gravity  (20®/20°C) 

1,145-1.161 

Weight  lose,  % (neat) 

lOS^C 

155*  C 

2 hours 

0.224 

0.40 

4 hours 

0.235 

0.77 

24  hours 

0.466 

3.82 

Table  15.75:  Proprietary  Triaryl  Phosphate  Ester  (75) 
SANTICIZER  143 


Tibi*  A.  PropmrtI** 

Phosphorus,  % 

8.2  (Calc) 

• Acidity 

0.20 

(meq/IOOg)  max.  I 

•Appearance 

Clear,  oily  liquid 

• Color  (APHA)  [max.] 

100 

• Moisture  % max. 

0.15% 

• Refractive  Index  (@25®C) 

1. 539-- 1.545 

• Specific  Gravity 

1.144-1.158 

(25725°C)  1 

Density  Ibs./gal. 

9.58 

Viscosity  (Centistokes) 

@ 0°C 

297 

@25°C 

44.2 

@100°C 

3.87 

Coefficient  of  Thermal  Exp. 

0,00070 

@10-40°C(cc/cc/°C)  I 

Flash  Point  (C.O.C.)  [T.] 

475 

Fire  Point  (C.O.C.)[‘’F.) 

525 

Sol.lnWater(a)25°C.% 

<0.001 

CAS  Number 

56803-37-3 

29761-21-5 

• Specification 


(continued) 
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Table  15.75:  (continued) 


1WM«  D.  Comparathr*  P»rform»nc#  Data  of  Santicimr*  143 
In  Claar  Potj^wyl  Chlofida  Wlm*  

I I Phoaptwla  latar 


toopropvlaM 


TMpheiM 

(K-100r 

IHerssyl 

Sm«clser«143 

0sntietem«148 

rrcFi 

PHRPIastielMr 

30 

40 

00 

40 

00 

00 

00 

Hardness  (Shore  A) 

96 

90 

84 

66 

78 

84 

60 

Brittle  Temp.  f*C) 

20 

9 

-2 

-10 

-20 

-2 

Low-temp.  Flex.  ("C) 

15 

4 

-8 

-13 

-28 

-7 

-8 

Volatility  (%  Rast.  Lost) 
Oil  Extraction  (%  Lost) 
Tensile  Strength  (PSI) 
% Elongation  at  Break 
100%  Modulus  (PSI) 


Oxygen  Index 

32.6 

31.6 

30.4 

29.0 

27.8 

31.5 

31.4 

Meneenlo 
IWo-foet  Itinnel 

Flame  Spread  (in.) 

3.1 

3,2 

3.3 

3.4 

3.5 

3.5 

3.0 

%Ught 

Transmittance 

18 

16 

15 

33 

32 

10 

5 

VerUoel  Bum 
(COT  1913, 0903) 

After-flame  (sec.) 

32 

17 

10 

1.5 

0.4 

17 

13 

Char  Length  (in.) 

3.0 

2.6 

2.2 

1.7 

2.2 

2.0 

NWOmeke 

Chamber 

Dm  Flaming  Mode 

236 

275 

305 

155 

171 

1 

345 

303 

Dm  Smoldering 
Mode 

128 

141 

157 

85 

98 

188 

163 

Geon'l02EP  100  Parts 

nastici28r  as  grven 

Drapex^10.4  3 Parts 

Ma^WS  2 Pans 

’B.F  Gtxxlnch  Inc. 

^Argus  Cnamcal  Corp. 
^MCCofp. 


'These  nammability  test  results  are  not  ini  ended  to  raAect  pertormance  ol  these  or  ary  Cither  matanals 
urtder  actual  fire  corKlrtions.  Each  user  should  determine  independently  whether  potential  ftre 
hazards  are  associated  with  the  finished  producle  and  whether  Santicizar  143  is  surtabie  for  the 
particular  use. 


Table  15.76:  Tributoxyethyl  Phosphate  (76) 

KP-140* 


KP-140  is  tributyoxyethyl  phosphate. 
Its  CAS  number  is  78-51-3. 


Fomiula 

The  formula  of  KP-140  is 
(C,H,0C,H,0)3P0 


Specifications 

Specific  gravity  at  20‘’C 
Moisture 

Colour  (R-Co:  APHA) 


1 .016-1 .023  (ASTM  D263-69) 
0.2%  w/w  max  (ASTM  D364-64) 
75  max  (ASTM  D1 209-69) 


lypical  properties 

The  properties  shewn  in  the  following  tables  are  typical  and  do  not  represent 
specification  limits 


Property 

KP-140 

Odour 

mild,  butyl  type 

Total  acid  number 

<0.5  mgKOH/g 

Boiling  range  at  4 mm  Hg  (533  Pa), 

215  to  228°C 

Mid-boiling  point  at  4 mm  Hg  (533  Pa) 

222»c 

Freezing  point 

<-70®C  (viscous  liquid) 

Pour  point 

<-70"C 

Rash  point  (PMCC) 

224^0  (435‘’F) 

Rre  point 

252^0  (485*F) 

Viscosity  at  20®C 
Vapour  pressure 

12.2  cp  (mPa.s) 

at  150"C 

<0.10  mm  Hg(13.3  Pa) 

at200*C 

1.6  mm  Hg  (213  Pa) 

Surface  tension  at  20®C 

30  dynes/cm  (mN/m) 

Refractive  index 

1 .434  ± 0.002 

Specific  heat  at  50  to  150 
Solubility 

0.58  average 

in  water  at  25°C 

0. 11  % by  weight 

in  water  at  25®C 

approx.  7.3%  by  volume 

In  mineral  oil  at  25°C 

approx.  7.0%  by  volume 

In  gasoline  at  25®C 

complete 

General  solubility 

Insoluble  or  limited  solubility  in 
glycierine,  glycols,  and  certain  amines. 
Soluble  in  most  other  organic  liquids. 

Thermal  expansion  at  1 0-40®C, 

0.00081  per  ®C 

Density  at  20“C 

1018  kg/m®  (8.50  Ib/US  gallon) 

Table  15.77:  Tributyl  Phosphate  (76) 
Reomol  TBP 


Esters 


883 


Formula 

(C4H,0)s  PO  MW  (mol)  266 

Specifications 

0.977^).963  (ASTM  D266-62/3) 

Specific  gravity  @ 20®/20®C 

Moisture,  % by  weight 

0.20  max  (ASTM  01364^) 

Color  Pt-Co  (APHA) 

SO  max  (ASTM  01209^) 

Typical  propartlas 
Odor 

Addity.  % as  acetic  acid 

Boilir^g  range  @ 4 mm  Hg  (533  Pa),  “C 

Mid-boiling  range  @ 4 mm  Hg  (533  Pa).  X 

Freezing  point,  “C 

Pour  point.  X 

Rash  point,  X (T).  PMCC 

Rre  point,  X (®F) 

Viscosity,  cp  (mPa*s)  @ 20“C 
Vapor  pressure  @ 150®  C,  mm  Hg  (kPa) 

@ 200®  C,  mm  Hg  (kPa) 
Surface  tension  @ 20®  C,  dyne/cm  (m  N/m) 
Refractive  index, 

Solubility,  in  water  @ 25®C 
water  in  @ 25®C 
in  mineral  oil  @ 25X 
in  gasoline  @ 25®C 
General  solubility 

Thermal  expansion  @ 10  to  40®C 
Lh/U.S.  gal  (kg/m3)  @ 20®C 


normal  characteristic 

0.05  (ASTM  D1 61 3-61 T) 

137-145 

139 

<-80 

<-80 

115(239) 

182  (360) 

3.7 

7.3  (0.97) 

>500  (66.6) 

29 

1.423  ± 0.001 
0.1% 

7.0% 

complete 

complete 

Insoluble  or  limited  solubility  in  glycerine,  glycols,  and 
certain  amines.  Soluble  in  most  other  organic  liquids. 
0.00086  per  X 
8.14  (975) 


Table  15.78:  Triphenyl  Phosphate  (75) 


Table  A.  Properties 


Molecular  Weight 

326 

Phosphorus,  % 

9.5  (Calc) 

• Acidity 

0.10 

(meq/100  gm.  max) 

• Appearance 

White  flakes 

• Color  (APHA)  [max.] 

20  (molten) 

• Odor  (max.) 

Very  faint,  aromatic 

Refractive  Index  (@  60°C) 

1.550 

Specific  Gravity 

1.268 

(60720°C) 

Density  (@  60°C) 

10.5 

ca.  Ibs./gal, 

Crystallizing  Point  (°C) 

49 

Boiling  Point 

238 

(cv  10mm  Hg,  °C 

Vapor  Pressure  (mm  Hg) 

(ai50°C 

>0.1 

(a<  200°C 

1.3 

Ca-  250-C 

18.2 

Viscosity  (Centistokes) 

@55®C 

7.8 

@ 98.9X 

2.9 

Flash  Point  (C.O.C.)  [®F.j 

437 

Solubility  In  Water 

(a  34“C,% 

0.002 

CAS  Number 

115-86-6 

♦ Specification 


(continued) 
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Table  15.78:  (continued) 


Table  B.  Compatibility  of  THphenyl  Phosphate  With  Various  Resins 

(PMB) 

Polyvinyl  chloride 

Polyvinyl  acetate 

80 

Nitrocellulose 

75 

Cellulose  acetate 

35 

Cellulose  acetate-propionate 

50 

Cellulose  acetate- butyrate 

50 

Ethyl  cellulose 

30 

Acrylics 

25 

Santolite®  MHP  resin 

100 

Neoprene 

50 

Nitrile  rubber 

50 

Phenolic 

50 

Table  C.  TMphenyl  Phosphate  Perfentiance  In  Celluleeic  Beelne 


R«sln 

— 

Cellulose 

Acmtatm 

Ethyl 

C«lluloM 

NItro- 

C#llulOM 

m 

PHR 

42.5 

0 

15 

0 

50 

33 

Solution  Temperature  ®C. 

180 

— 

- 

- 

- 

- 

Yield,  p.s.i. 

- 

K^fll 

- 

- 

- 

Tensile,  p.s.i. 

2500 

Elongation,  % 

— 

30 

30 

6 

8 

10 

Hardness 

81 

100 

70 

- 

- 

- 

Sward  Hardness 

— 

— 

— 

— 

- 

40 

Volatility 

_ 

E 

E 

- 

- 

- 

Flexibility 

Schopper  Fold  Cycles 

_ 

_ 

24 



Flexural  Strength,  p.s.i. 

9020 

— 

— 

— 

— 

Moisture  Permeability,  % 

— 

100 

56 

- 

% Water  Absorbed  in  24  hrs. 

1.17 

- 

- 

- 

- 

- 
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PHOSPHITES 

Table  15.79:  DIalkyl  Hydrogen  Phosphites  (64) 


PHYSICAL  PROPERTIES 


Property 

Dimethyl 

Hydrogen 

Phosphite 

Diethyl 

Hydrogen 

Phosphite 

Dibutyl 

Hydrogen 

Phosphite 

Bis(2-ethylhexyl) 

Hydrogen 

Phosphite 

Formula 

(CH30)2P(0)H 

(CjHgOjPlOlH 

(C4Hg0)2P(0)H 

(C8Hi70)jP(0)H 

Molecular  Weight 

110.1 

138.1 

194.2 

306.4 

Appearance 

colorless 

colorless 

colorless 

colorless 

liquid 

liquid 

liquid 

liquid 

Odor 

mild. 

mild, 

mild, 

mild,  suggestive 

characteristic 

pleasant 

pleasant 

of  octyl  alcohol 

Boiling  Point 

72 -3®  C/25  mm 

65 -66®  C/6  mm 

118-9®C/7  mm 

163-4®C/3  mm 

Specific  Gravity 

20” /4' 

1.200 

1.079 

0.995 

0.937 

Index  of  Refraction, 

1.4016 

1.4073 

1.4238 

1.4423 

Flash  Point,  Cleveland, 

open  cup 

205”  F 

195®  F 

250®  F 

330”  F 

Fire  Point,  Cleveland, 

open  cup 

220®  F 

220®  F 

300®  F 

400”  F 

Viscosity 

(Centistokes)  77®  F 

1.08 

1.21 

2.36 

6.54 

100®  F 

0.92 

1.03 

1.90 

4.72 

210®  F 

Toxicity  (single  dose 
oral  LD50,  rats), 

0.51 

0.56 

0.89 

1.59 

mg/kg 

3,050 

1,000 

3,900 

11,900 

Acidity 

neutral 

neutral 

neutral 

neutral 

Solubility 

in  water: 

sol. , 

sol. , 

si.  sol. , 

insol. » very 

hydrolyzes 

hydrolyzes 

slowly 

hydrolyzes 

slowly  hydrolyzes 

in  other  solvents:  miscible  with  alcohol,  ether,  acetone  and  most  common  organic 

solvents . 


Table  15.80:  Trialkyl  Phosphites  (64) 


PHYSICAL  PROPERTIES 


Property 

Trimethyl 

Phosphite 

Triethyl 

Phosphite 

Tr  is  (2 -chloroethyl) 
Phosphite 

Triisopropyl 

Phosphite 

Tributyl 

Phosphite 

Triisooctyl 

Phosphite 

Tris  (2 -ethy  Ihexyl) 
Phosphite 

Formula 

(CHjOlsP 

(CaHgOjP 

(ClCjH^OjP 

(CjH^OjP 

(C4H90>3P 

(CgHj^OsP 

(C,Hj,0),P 

Molecular  Weight 

124.08 

166.2 

269.5 

208.2 

250.3 

418.6 

418.6 

Appearance 

colorless  liquid 

colorless  liquid 

colorless  liquid 

colorless  liquid 

colorless  liquid 

colorless  liquid 

colorless  liquid 

Odor 

penetrating 

sweet, 

characteristic 

mild, 

characteristic 

sweet, 

characteristic 

mild,  not 
unpleasant 

mild,  not 
uiq>leasant 

mild,  not 
unpleasant 

Boiling  Point 

111-112"C 

65"  C/24  mm 

119"C/0.15  mm 

94-6"C/50  mm 

118-25"C/7  mm 

161^"  C/0. 3 mm 

163^"C/0.3  mm 

Specific  Gravity 

20* /4* 

1.046 

0.969 

1.353 

0.914 

0.925 

0.891 

0.902 

Index  of  Refraction, 

"D 

1.4076 

1.4131 

1.4878 

1.4101 

1.4327 

1.4498 

1.4494 

Flash  Point,  Cleveland, 

open  cup 

100*F 

130"  F 

375"  F 

165"F 

250"  F 

385"  F 

365"  F 

Fire  Point,  Cleveland, 

open  cup 

100*  F 

160"  F 

410"F 

195*  F 

275"  F 

410*F 

400*  F 

Viscosity 

(Centistokes)  77*  F 

0.58 

0.74 

5.22 

1.18 

2.08 

9.49 

8.35 

100*  F 

0.52 

0.65 

4.11 

0.99 

1.65 

6.85 

5.86 

210*  F 

Toxicity  (single  dose 
oral  LDjOf  rats). 

0.32 

0.40 

1.45 

0.57 

0.86 

2.24 

1.90 

mg/kg 

2,000 

3,160 

250 

2,300 

3,000 

9,200 

Solubility 

in  water: 

insol.  but 

si.  sol., 

insol. , slowly 

insol. , slowly 

insol. , slowly 

insol. , very 

insol. , very  slowly 

reacts  with 

hydrolyzes 

hydrolyzes 

hydrolyzes 

hydrolyzes 

slowly  hydrolyzes 

hydrolyzes 

In  other  solvents:  miscible  with  alcohol,  acetone,  benzene,  ether,  heptane,  carbon 

tetrachloride , and  most  of  the  common  organic  solvents . 
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Table  15.81:  Tertiary  Phosphites  {27) 


Name 

Formula 

Molecular 

Weisht 

Oral  Toxicity 
LD50  MicroUtera 
per  Kk  of  Rat  Wt. 

Color  and  Form 

Phosphorus 

Content 

%P 

Melting 

Point 

•c 

Boiling 
Point 
‘C  1 

Refractive 
InHei 
n25  I) 

Specific 
Gravity 
2,i  IVC 

1 

Flash 

Point 

COC-F 

Viscos 

68’F 

lity  Centist 
100  F 1 

okes 

210‘F 

Vapor 

Pressure 

Trunethyl  Phosphite 

(CHjOlsP 

124 

2000 

Wster<white  liquid 

24.97 

<-78 

111.1 

1.404 

1.045 

130 

- 

0.51 

0.30 

10  mm  at  12“C 
100  mm  at  55“C 

Triethyl  Phosphite 

ICiHjOlrP 

166 

3160 

Water-white  liquid 

18.67 

— 

154±1 

1.413 

0.954 

— 



i 





Tri(2*«tbylhexyl)  Phosphite 

(C.H,tO)*P 

418 

— 

Straw-colored  liquid 

7.45 

glass  at 
low  temp. 

- 

1.451 

0.897 

340 

8.5 

5.03 

- 

- 

Tridecyl  Phosphite  (iso) 

(Ci«HttO)  sP 

502 

>10000 

Water- white  liquid 

6.17 

< 0 

180 

at  0.1  mm 

1.454 

0.886 

455 

- 

11.24 

2.90 

- 

Trilsuryl  Phosphite 

ICtiH„0),P 

586 

> 3160 

Water- white  liquid 

5.29 

<10 

1.456 

0.866 

— 

— 







Triociadecyl  Phosphite 

(CiiHsrOlsP 

838 

>10000 

White  waxy  solid 

3.70 

45-47 

0.940* 

— 



i 





Trilsuryl  Trithiophosphite 

(CijHisSlaP 

634 

>10000 

Light  straw-colored 
liquid 

4.89 

20 

- 

1.502 

0.915 

430 

- ' 

24.7 

5.7 

0.01  mm  at  200°C 

Triphenyl  Phosphite 

(O'); 

310 

Approx.  2800 

Water-white  to  pale 
yellow  liquid 

10.0 

22-25 

155-160 
at  0. 1 mm 

1.589 

1.184 

425 

- 

8.34 

2.07 

- 

Diphenyldecyl  Phosphite  (iso) 

1 0 \ f ocioHii 

374 

>10000 

Water-white  liquid 

8.28 

18 

— 

1.516 

1.024 

425 



7.82 

2.26 



Phenyldidecyl  Phosphite  (iso) 

O f tOClOHjlJj 

. ^ 

438 

>10000 

Water-white  liquid 

7.07 

<0 

— 

1.478 

0.940 

425 

— 

8.95 

2.42 



“Pentite"  — [tetra(  diphenyl 
phosphite)  penisery thritol  ] 

■c 

4 

989 

1500 

White  waxy  solid 

12.4 

30-60 

- 

- 

1.240 

- 

- 

- 

- 

- 

“Dipentite”  — (diphenyl 
penisery  thritol  diphosphite] 

A ^OCHK  CH2O, 

380 

5000 

White  solid 

16.3 

70-80 

190-200 
at  0.1  mm 

- 

- 

- 

- 

- 

- 

- 

Phenylneopentyl  Phosphite 

CHi  -CH2-0. 

CHj  CMi_o  ^ N — f 

226 

1780 

Water-white  liquid 

13.70 

19 

138-140 
at  10  mm 

1.517 

1.135 

- 

- 

- 

- 

1620  Polynneric  Phosphite 

Bisphenol  A'PentserythritoI 
PhMphite 

Av 

1100 

>3160 

White  solid 

16.1  ±0.2 

100-110 

~ 

- 

- 

- 

- 

- 

- 

1 

j 'Density  | 
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Table  15.82:  Organophosphites  (27) 


PHYSICAL  DATA 


Triphenyl 

Oiphenyidecyl 

Phenyididecyl 

Tridecyl 

Phosphorus  Confenf 

10% 

8.28% 

7.07% 

6 . 1 7% 

Melting  Point 

22«-25°C, 

I8°C. 

<0°C. 

<0°C. 

Boiling  Point  at  0.1  mm. 

155°-160°C. 

180°C. 

Refractive  Index,  n25/D 

1 .589 

1 .5160 

1 .4785 

1 .4560 

Flash  Point  (Cleveland  open  cup) 

425°F. 

425° F. 

425°F. 

455° F. 

Fire  Point  (Cleveland  open  cup) 

470°F. 

455° F. 

470°F. 

485°F. 

Specific  Gravity,  25°/15.5®C. 
Specific  Gravity  Correction  Factor, 

1 .184 

1 .023 

0.940 

0.891 

per  1 °C  . 

0.00085 

0 .00077 

0.00073 

0.00066 

Pounds  per  Gallon  at  25®C  . 
Viscosity  in  Centistokes: 

9.86 

8.520 

7.829 

7,421 

at  100°F. 

8.34 

7.82 

8.95 

11  .24 

at  2?0®F. 

2.07 

2.26 

2.42 

2.90 

SILICATES 

Table  15.83:  Ethyl  Silicate  (2) 


Silicon  Tetraethyl  Ester  Si(OC2H^)^ 

Ortho-Silicic  Acid  Ethyl  Ester 


Ethyl  silicate  is  a water-white  liquid,  soluble  in  alcohol . It  hydrolyzes  in  water  to  an  adhesive  form  of  silicic  acid  and 
alcohol . It  is  used  in  lacquers  and  paint  as  a pigment  binder  giving  films  that  are  resistant  to  fire  and  chemicals  and  are 
weatherproof.  A less  pure,  higher  silica  ester.  Ethyl  Silicate  40,  is  also  available  commercially. 


Specificationi—Ttlraethyl  Silicate 


Specifications^Eihyl  Silicate 


Acidity  (aa  HCl) 

Available  silica  (as  SiOt) 
Boiling  point 
Boiling  range  at  760  mm 
Below  160“C 
Below  J70“C 
Color 
Purity 

Specific  gravity  at  20/20“C 
Weight  per  gal  at  20“C 


0.05%  by  wt,  max 
28.8% 

165 .5*C 

Not  more  than  5% 
Not  less  than  95% 
Water-white 
97%,  min 
0.933  to  0.938 
7.78  lbs 


Acidity,  maximum  acidity  (as  HCl) 
Available  silica  (as  SiOi) 

Boiling  point 
Boiling  range  at  760  mm 
Below  80“C 
Below  U0*C 
Color 

Odor  initial 

Specific  gravity  at  20/20°C 
Weight  per  gal  at  20“C 


0.1% 

34-42% 

165*C 

None 

Not  more  than  5% 
Light  brown 
Mild 

1.050  to  1.070 
8.82  lb« 


PLASTICIZERS 


Table  15.84:  Summary  of  Typical  Properties  of  Plasticizers  (75) 


Dioctyt* 

Santicizer*  160 

Phthalates 

(0 

N 

e 

N 

o 

45 

C 

S 

Santicizer  278 

Dlbutyl* 

Santicizer  97 

> 

a 

•S' 

fi) 

O 

M 

Dioctyl 

Molecular  Weight 

391 

312 

368 

455 

278 

370 

371 

Acidity**  (meq./lOO  gm.  max.) 

0.12 

•0.37 

•0.37 

•0.37 

0.12 

•0.25 

•0.25 

Appearance 

Clear, 
oily  liquid 

•Clear, 
oily  liquid 

•Clear, 
oily  liquid 

•Clear, 
oily  liquid 

Clear, 
oily  liquid 

•Clear, 
oily  liquid 

•Clear, 
oily  liquid 

Color  (APHA)  (max.) 

25 

•40 

•75 

•175 

20 

•50 

•25 

Moisture  (KF  in 
Methanol)  % max. 

0.10 

•0. 1 5 

•0.15 

•0.15 

0.15 

•0.10 

•0.10 

Odor 

Slight, 

characteristic 

•Slight. 

charactoMstic 

•Slight, 

characteristic 

•Slight, 

characteristic 

Slight, 

charact  eristic 

•Mild 

Refractive  Index  (at  2S“C) 

1.4845-1.4858 

• 1.535-1.540 

•1.523-1.529 

•1.516-1.520 

1.4895-1.4915 

• 1.441  1.447 

.1,444-1. 448 

Specific  Gravity  (25°/25°C) 

0.980-0.985 

•1.115-1-123 

•1.065  1.074 

•1.093-1.100 

1.044-1.048 

•0,916-0.924 

•0.921-0.927 

Density  (at  25X)  ca.  fbs./gal. 

8.18 

9.3 

8.9 

9.1 

8.72 

7.7 

7.72 

Crystallixing  Point  (X)*** 

-55  (very 
stiff  gel) 

<-35 

- 

- 

<-35 

-13 

<-70 

Pour  Point  ("C) 

^7 

^5 

^5 

-6.5 

^0 

- 

-65 

Flash  Point  (C.O.C.)  (°F) 

425 

390 

445 

440 

340 

400 

377 

Fire  Point  (C.O.C.)  (“F) 

480 

450 

- 

535 

395 

450 

450 

Boiling  Point  @10  mm  Hg.  X 

236 

240 

252 

243 

192 

224 

224 

Vapor  Pressure  @ 150*C 

- 

0.14 

- 

- 

.08 

- 

- 

@ 200X 

1.2 

1.9 

0.5 

0.5 

14.0 

3.3 

2.3 

@ 250X 

18 

14.4 

9.7 

15 

100 

27 

32 

% VOC,  EPA  method  24**** 

1.5 

2.3 

0.7 

1.1 

14.8 

2.8 

4,2 

Viscosity  (centistokes)  @ 0‘C 

348.0 

230 

- 

ca  10,000 

55.0 

- 

~ 

@ 25X 

58.0 

39.5 

53 

800 

15.6 

12,8 

12.3 

@ 98.9X 

4.3 

3.42 

4.2 

11.5 

2.4 

2,6 

2.4 

Surface  Tension 
@ 20“C  (dynes/cm.) 

33  (25X) 

39.9  (25"C) 

35.3  (24X) 

34.8  (25X) 

35  (30X) 

30.3  (25'^C)  1 

29 

Solubility  in  Water 
@ 25X  (%) 

<0.005 

0.0003  (30X) 

0.00003 

Practically  insol.  | 

<0.001  (30"C) 

<0.01  : 

<0.01 

Hydroxyl  # 

- 

<1 

2 

2-4 

- 

- 

(continued) 
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Table  15.84:  (continued) 


Santiclzer  141 

Santiclzer  148 

Phosphates 

! 

M 

u 

e 

N 

o 

ys 

c 

SI 

Santiclzer  143 

Santiclzer  184 

Specialty 

Modifiers 

o 

? 

n 

X 

Molecular  Weight 

362 

390 

- 

368 

- 

Molecular  Weight 

Acidity**  (meq./100  gm.  max.) 

•0.20 

•0.20 

•0.20 

•0.20 

•0.25 

_ 

Acidity**  (meq./100  gm.  max.) 

Appearance 

•Clear, 
oily  liquid 

•Clear, 
oily  liquid 

•Clear, 
oily  liquid 

•Clear, 
oily  liquid 

•Clear, 
oily  liquid 

Clear, 
oily  liquid 

Appearance 

Color  (APHA)  (max.) 

•40 

•100 

•200 

•100 

•60 

•450 

Color  (APHA)  (max.) 

Moisture  (KF  in 
Methanol)  % max. 

•0.10 

•0.10 

•0,10 

•0.15 

•0.15 

•150  ppm 

Moisture  (KF  In 
Methanol)  % max. 

Odor 

•Essentially 

odorless 

•Essentially 

odorless 

•Essentially 

odoiiess 

•Essentially 

odorless 

Faint, 

characteristic 

Odor 

Refractive  Index  (at  25°C) 

•1.506-1.510 

•1,501-1.507 

•1,494-1,502 

•1.539-1.545 

•1.5535-1.5565 

•1.560-1.575 

Refractive  Index  (at  25X) 

Specific  Gravity  (25V25°C) 

•1.085-1.091 

•1.061-1.071 

•1,028-1.044 

•1.144-1.158 

•1.175-1.185 

1.001-1.009 

(25V15.5'’C) 

Specific  Gravity  (25V25X) 

Density  (at  25*C)  ca.  Ibs./gal. 

9.1 

8.94 

8.65 

9.6 

9.8 

8.4 

Density  (at  25*C)  ca.  Ibs./gal. 

Crystallizing  Point  (X)*** 

- 

<-35 

0 

- 

<-20 

- 

Crystallizing  Point  (*C)*** 

Pour  Point  (*C) 

-54 

<-50 

- 

- 

-25 

-26 

Pour  Point  (X) 

Flash  Point  (C.O.C.)  (*F) 

435 

465 

445 

475 

505 

345 

Rash  Point  (C.O.C.)  m 

Fire  Point  (C.O.C.)  (*F) 

460 

500 

500 

525 

590 

385 

Fire  Point  (C.O.C.)  (*F) 

Boiling  Point  @10  mm  Hg.  *C 

239  (dec) 

245  (dec) 

230  (dec) 

- 

258 

180 

Boiling  Point  @ 10  mm  Hg.  X 

Vapor  Pressure  @ 150*C 

0.2 

<0.1 

- 

- 

- 

2.6 

Vapor  Pressure  @ 1 SO’C 

@ 200*C 

1.6 

0.5 

<0.2 

- 

1.0 

22 

@ 200*C 

@ 250X 

- 

- 

- 

- 

7.4 

95 

@ 250X 

% VOC,  EPA  method  24**** 

2.5 

1.6 

0.4 

- 

0.7 

- 

% VOC,  ERA  method  24**** 

Viscosity  (centistokes)  @ OX 

61.0 

95 

1 

297 

475 

1,200-2,000 

Viscosity  (centistokes)  @ 0*C 

@25X 

16.4 

22.5 

24 

44.2 

58 

75-200 

@ 25X 

@ OB.OX 

2.5 

3'° 

3.5 

- 

3.9-4 .4 

@ 08.9*C 

Surface  Tension 
@ 20”C  (dynes/cm.) 

33.4  (22“C} 

36.4 

- 

38.6  (23“C) 

40.1 

Surface  Tension 
@ 20*C  (dynes/cm.) 

Solubility  in  Water 
@ 25X  (%) 

0.003 

<0.003 

<0.2 

<0.001 

<0.001 

Practically  insd. 

Solubility  in  Water 
@ 25*C  (%) 

Hydroxyl  H 

<3 

<3 

>4 

<3 

<1 

<1 

Hydroxyl  H 

■Specification. 

•Registered  Trademark  of  Monsanto  Co. 

'This  product  is  no  longer  manufactured  by  Monsanto.  Data  is  inctuded  for  reference  only 

"To  convert  from  rrreq/lOO  gram,  multiply  by  0.559  to  obtain  “acid  no."  (mitti^ams  KOH  per  gram  of  sample) 

"‘Crystallinng  point  is  NOT  a predictor  of  low  temperature  performance  in  a polymer  system. 

""Tested  per  ASTM-2369  as  specified  in  ERA  method  24  Tested  WITH  toluene  solvent  as  specified  in  ASTM  method  Testing  without  toluene  reduces  measured  VCXD  10-50%  below  values  reported  here. 
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HPLC  and  UV  Data 


GC-FID  CHROMATOGRAMS 
Table  16.1:  Methylene  Chloride  (56) 


These  capillary  GC-FID  Chromatograms  show  the 
significant  decrease  in  impurity  content  from  raw 
material  to  finished  product 


Raw  Material:  Methylene  Chloride 

500  5 concentration 


891 


(continued) 
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Table  16.1:  (continued) 


Finished  Product:  HPLC  Methylene  Chloride 
#9315 

500  ->  5 concentration 


HPLC  GRADIENT  CHROMATOGRAMS 

Table  16.2:  Water  vs  Methanol  (56) 

Water  Versus  Methanol  - 21 5nm 


Tima  IminutesI 


0 

10 

20 

LiO 

40 

Timo  ImlnutMl 

HPLC  and  UV  Data  893 


Table  16.3:  Water  vs  Acetonitrile  (56) 


Water  Versus  Acetonttrile  - 200nm 
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Table  16.4:  Water  ve  2-Propanol  (56) 


Table  16.5:  Water  ve  Tetrahydrofuran  (56) 


(continued) 


HPLC  and  UV  Data  895 


Table  16.5:  (continued) 


Water  Versus  Tetrahydrofuran  - 280nm 


I Column:  BAKERBOND*  Silica  Gel 
5 >jm,  4.6  X 250  mm 

{ Mobil*  PImm:  A = H2O 

B = Tetrahydrofuran 

I Gradient  5%  B -^100%  a 35  min 
I Flow  Rat*:  1 ml/min 

UVO280  nm;1.26  auf.a 


Pressure:  (PSI):  ^ 

Stort  1020 
End:  440 

Interim  Maximum:  1850 


1.128  au. 


20 

Time  (minutest 


Table  16.6:  Water-0.1%  Trifluoroacetic  Acid  vs  Acetonitrile-0.1%  Trifluoroacetic  Acid  (56) 


Water  - b.i%  Triflu roacetlc  Acid  Versus 
Acetonitrile  - 0.1%  Trifluroacetic  Acid  - 240nm 


I Column:  BAKERBOND"  Sitic:a  Gel 
t 5 pm,  4.6  X 250  mm 

j Mobil*  Phaa*:  A = 0.1%  TFA  in  H2O 
I B = 0.1%  TFA  in  Acetonitrile 

j Gradient  5%  B -►I  00%  B,  35  min 

Flow  Rate:  1 ml/min 


Pressure:  (PSI): 

Start  880 
End:  590 

Interim  Maximum:  N/A 


Detection:  UV  @ 240  nm;  0.64  au.f.a 


I O' 


0.064  au. 


i 


0 10  20  30  40 

Time  Iminutesl  (continued) 
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Table  16.6:  (continued) 


Water  - 0. 1 % Trifiuroacetic  Acid  Versus 
AcetonKrlle  - 0.1%  Trtfluroacetlc  Acid  - 254nm 


{Column:  BAKERBONO"  Silica  Gel 
5 >jm,  4.6  X 250  mm 

[Mobllo  Phase:  A ^ 0.1%  TFA  in  H20 

B = 0.1%  TFA  In  Acetonitrile 

iOrsdlent  5%  B -^100%  B,  35  min 

IfIow  Rate:  1 ml/min 

loetection:  UV  @ 254  nm;  1.28  auf.a 


Pressure:  (PSI): 

Start  880 
End:  590 

Interim  Maximum:  N/A 


1 28  au. 


0 10  20  30  40 


Time  Iminutebi 


Table  16.7:  0.1  M Potassium  Phosphate  vs  Acetonitrile  (56) 


HPLC  and  UV  Data  897 


Table  16.8:  0.1  M Potaeeium  Phosphate  V8  Methanol  (56) 


0 10  20  30  40 


Time  Iminutesi 


Table  16.9:  0.05  M Potassium  Phosphate  vs  Acetonitrile  (56) 


Time  Iminutesi 


(continued) 
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Table  16.9:  (continued) 


0.05  M Potassium  Phosphate  Versus  Acetonitriie  ■>  254nm 


Column:  BAKERBOND*  Silica  Gel 
5 pm,  4.6  X 250  mm 

Mobil#  PIwm:  a ==  0.05M  KH2PO4 
B = Acetonitrile 

Qrodlant  5%  B -^100%  a 35  min 
1 ml/mln 

UV  ® 254  nm;  0.32  aaf.a 


Prossure:  (PSI): 

Start  850, 

End:  300 

Interim  Maximum:  N/A 


I 0.1 


0.032  au. 


10 


20 

Time  Iminutos! 


30 


40 


Table  16.10:  0.05  M Potassium  Phosphate  vs  Methanol  (56) 


0.05  M Potassium  Phosphate  Versus  Methanoi-  215nm 


(Column:  BAKERBOND' Silica  Gel 
5 pm,  4.6  X 250  mm 

I Mobil#  Phase:  A ^ 0.05M  KH2P04 
B = Methanoi 

Gradient  5%  B '-^100%  a 35  min 

Flow  Rate:  1 ml/min 

Detection:  UV  <8  215  nm;  1.28  auf.a 


(PSI): 

Start  850 
End:  470 
Interim  Maximum: 


1820 


a 


128  aa 


40 


10 


20 

Time  1 minutes) 


30 


0.05  M Potassium  Phosphate  Versus  Methanoi  - 254nm 


Column:  BAKERBOND' Silica  Gel 
5 pm,  4.6  X 250  mm 

Mobile  Phase:  A = 0.05 M KH2PO4 
B = Methanol 

Gradient  5%  B -^100%  a 35  min 

Flow  Rate:  1 ml/min 

Detection:  UV  @ 254  nm;  0.64  aula 


(PSI): 

Start  850 
End:  470 

Interim  Maximum:  1 820 


I 0.1 


0.064  au. 


10 


20 

Time  Iminutesi 


30 


40 


HPLC  and  UV  Data  899 


Table  16.11;  0.01  M Potassium  Phosphate  vs  0.5  M Potassium  Phosphate  pH  6.S/6.4  (56) 


0.01  M Potassium  Phosphate  Versus 

0.5  M Potassium  Phosphate  pH  6.a/6.4-  200nm 


I Column:  BAKERBONO’'  Silica  Gel 
5 pm,  4.6  X 250  mm 

A = 0.01M  KH2PO4 
B = 0.5M  KH2PO4 
pH  6.8/6.4 

5%B->100%B,35  min 
I Ftawr  ftarto:  1 mVmin 

n:  UV  @ 200  nm;  1 .28  atif.a 


PreMura:  (PSI): 

Start  800 
End:  1060 

Interim  Maximum:  N/A 


20 

Time  IminutesI 
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Table  16.12:  Hexane  ve  Chloroform  (56) 


Hexane  Versus  Chloroform  - 254nm 

Column:  BAKERBONO  Wide  Pore"*  Butyl  (C4)  ProMuro:  (PSI); 
6>jm,  4.6  X 260  mm  230 


HPLC  and  UV  Data  901 


Table  16.15:  Hexane  vs  2-Propanol  (56) 


Time  i minutes! 

(continued) 
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Table  16.15:  (continued) 


Time  I minutes) 


Table  16.16:  Hexane  vs  Ether  (Anhydrous)  (56) 


Hexane  Versus  Ether  (Anhydrous)  - 254nm 

Column:  BAKERBONO  Wide  Pore' Butyl  (C«)  Preeuiro:  (PSI): 


5 pm,  4.6  X 250  mm 

Mobita  PhAM:  A = Mexane 
B = Ether 

OrediAnt  5%  B ->100%  B,  35  min 

F(ow  Rate:  1 mt/min 

DAtACtion:  UV  ® 254  nm;  1.28  aaf.a 


Start  60 


Intarim  MASUmum:  N/A 


Hexane  Versus  Ether  (Anhydrous)  - 280nm 

Column:  BAKERBOND  Wide  Pore"*  Butyl  (Cs)  Prasaura:  (PS)): 

6 >jin.  4.6  X 250  mm  Start  60 

! MobllA  Phaaa:  A = Hexane  - . 

i B=  Ether  End:  20 

I Ormllont  5%  B -r1 00%  B,  35  min  N/A 

I Flow  Rata:  1 mt/min 
: Dataction:  UV  @ 260  nm;  1.28  auf.a 


0 


10 


20 

Time  i minutes) 


30 


40 


HPLC  and  UV  Data  903 


Table  16.17:  2,2,4-Trimethylpentane  va  Chloroform  (56) 
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Table  16.19:  2,2,4-Trlmethylpentane  vs  Ethyl  Acetate  (56) 


2,2,4>Trim0thytpentane  Versus  Ethyl  Acetate  - 254nm 


Column:  BAKERBOND  Wide  Pore* 

Butyl  (C«)  5 4.6  X 250  mm 

Mob<l«  PtiAM:  A=  2,2,4-Trimethylpentane 
B = Ethyl  Acetate 

Gradient  5%  B-^  100%  B,  35  min 
Flow  Rate:  1 ml/min 

UV  ® 254  nm;  1.28  aaf.a 


Preeaura:  (PSI): 
Start  29a 


Interim  Maximum: 
N/A 


128  au. 


10 


20 

Time  Iminutesl 


30 


40 


2,2,4>Trlmethylpentane  Versus  Ethyl  Acetate  - 280nm 


Column:  BAKERBOND  Wide  Pore*  Butyl  (C«) 
5 pm,  4.6  X 250  mm 

Mobile  Phase:  A = 2,2,4-Trimethylpentane 
B ~ Ethyl  Acetate 

Gradient  5%  B-»100%  B,  35  min 
Flow  Rate:  1 ml/min 

UV  ® 280  nm;  0.64  auf.a 


Preaeure:  (PSI): 

Start  290 
End:  230 

Interim  Maximum:  N/A 


0.064  au. 


10 


20 

Time  Iminutesl 


30 


40 


Table  16.20:  2,2,4-Trlmethylpentane  vs  2-Propanol  (56) 


^ 2, 2,4-Trlmethylpeiitane  Versus  2’Propanol  - 21 5nm 


0 10  20  30  40 

Time  Iminutesl 


(continued) 
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Table  16.20:  (continued) 


Time  I minutes) 

Table  16.21:  Methylene  Chloride  vs  Methanol  (56) 


0 10  20  30  40 


Time  (minutes! 

Table  16.22:  Methylene  Chloride  vs  2-Propanol  (56) 


Time  (minutes] 
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Table  16.23:  Methylene  Chloride  vs  Ethyl  Acetate  (56) 


Methylene  Chloride  Versus  Ethyl  Acetate  - 254nm 


I Column:  BAKERBOND  Wide  Pore'  Butyl  (C4) 
5 >jm,  4.6  X 250  mm 

A =t  Methylene  Chloride 
B = Ethyl  Acetate 

I Gradient  5%  B -^100%  B,  35  min 
1 ml/min 

UV  ® 254  nm;  1.28  aaf.a 


Praeeura:  (PSI): 

Start  290 
End:  220 

Interim  Maximum:  N/A 


20 

Time  I minutes) 


Methylene  Chloride  Versus  Ethyl  Acetate  - 280nm 

Column:  BAKERBOND  Wide  Pore"  Butyl  (C4)  Pretaura:  (PSI): 


5 jjm,  4.8  X 250  mm 

A = Methylene  Chloride 
B = Ethyl  Acetate 

Gradient  5%  B-»100%  B,  35  min 
1 ml/min 

UV  ® 280  nm;  0.32  auf.a 


Start  290 
End:  220 

Interim  Maximum:  N/A 


IE' 


0.032  &u. 


10 


20 

Time  I minutes) 


30 


40 


Table  16.24:  Methylene  Chloride  vs  Ether  (Anhydrous)  (56) 


(continued) 
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Table  16.24:  (continued) 


r Methylene  Chloride  Versus  Ether  (Anhydrous 

-280nm 

Column:  BAKERBOND  Wide  Pore*  Butyl  (Ce) 
6 >jm,  4.6  X 250  mm 

Mobiia  Ptiaso:  A = Methylene  Chloride 
B = Ether 

Qradlant  5%  B -►I  00%  B,  35  min 

Flow  Rato:  1 ml/min 

Dotoctlon:  UV  @ 280  nm;  0.64  au.f.& 

Prossuro:  (PSI): 

Start  850 
End:  20 

intorim  Maximum:  N/A 

1 0.064  au. 

1 

1 

1 

0 10 

20 

Time  1 minutest 

30 

40 

ULTRAVIOLET  SPECTRA 

Table  16.25:  Acetic  Acid,  Glacial  (56) 


Typical  Ultraviolet  Spectrum 


Physical  Data 
Eluotropic 

Value,  (£  ) (on  Silica):  >073 


Polarity  Index  (P  ): 

Viscosity  (cP,  25  C): 

Density  (9/ml): 

Boiling  Point  ( C): 

Percent  Water 
Soluble  in  Solvent: 


6.2 

1.1 

1-049 
1 18" 


Miscible 
Refractive  Index  (25  C):  1 .370 


Table  16.26:  Acetone  (56)  (61) 


Typical  Ultraviolet  Spectrum 


ot 


on 


Oh 


I I I I I I I tri  T-rT-  i 

MO  700  7SO  300 

Mtavelerigth  (NM) 


Physical  Data 

Eluotroplc 

Value,  (£  ) (on  Silica): 

0.43 

Polarity  Index  (P  ): 

5.4 

Viacoaity  (cP.  25  C): 

0.30 

Danalty  (g/ml): 

0.791 

Bolling  Point  ( C): 

56" 

Percent  Water 

Soluble  in  Solvent:  Miscible 

Refractive  Index  (25  C): 

1.356 

(continued) 
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Table  16.26:  (continued) 


SPECIFICATIONS  (61) 

Packed  under  nitrogen 

Water:  Less  than  0.50%  by  Infrared  spectroscopy 

Ultraviolet  absorbance: 

nm 

330 

340 

350 

375 

400 


Haxipiuin 

Al^gorbanqe 

1.000 

0.060 

0.010 

0.005 

0.005 


Refractive  index:  1.3586  ± 0.0003  at  20* C 

Boiling  range:  56-57*C 

Residue:  Less  than  one  mg/l 

Purity:  Greater  than  99.9%  by  gc  analysis 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


Table  16.27:  Acetonitrile  (56) (61) 


"’1 

Typical  Ultraviolet  Spectrum 

Physical  Data 

Eluotropic 

Valuv,  (£  ) (on  SIHca): 

0.50 

0 / - 

Polarity  Indax  (P  ): 

6.2 

0*.  - 

VIocoalty  (cP.  25X): 

0.34 

Dansity  (g/ml): 

0.786 

^ 04  - 

Boiling  Point  (X): 

82" 

OJ  - 

Parcant  Watar 

Soiubia  in  Solvant:  Miscible 

0 7 - 

Rafractiva  Indax  (25X): 

1.341 

L 



I ? 1 1 1 1 1 1 1 1 1 I 1 ? 1 1 1 1 

J /liTl  10(1  ISO 

W3y»h»oqlh  !NMI 

AOEIONIIRILE,  TO’.§.PSgTRQ  (61) 


SPECIFICATIONS 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Optical  transparency  is  not  controlled.  For  spectro- 

photometric  applications  use  Acetonitrile  UV. 

Refractive  index:  1.3440  + 0.0006  at  20 *C 

Boiling  range:  81-82*C 

Residue:  Less  than  one  mg/l 

Purity:  Greater  than  99.9%  by  gc  analysis 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide, 

based  on  a 1:1  petroleum  ether  extract. 


(continued) 


HPLC  and  UV  Data 


909 


Table  16.27:  (continued) 


ACETONITRILE  UV  (61) 


SPECIFICATIONS 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
190 
200 
225 
250 
350 


Maximum 
Absorbance 
1.000 
0.050 
0,010 
0.005 
0 . 005 


Refractive  index:  1.3440  ± 0.0006  at  20®C 

Boiling  range:  81-82*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Electron  capture  gc:  No  residue  peaks  greater  than  XO  as  heptachlor  epoxide, 

based  on  a 1:1  petroleum  ether  extract. 

Purity  by  liquid  chromatography:  No  UV  absorbing  peak  greater  than  0.001 

absorbance  unit  (1  cm  path  length)  at  254  nm,  or  0.005  absorbance  unit 
at  205  nm  in  a gradient  from  100%  water  to  100%  acetonitrile  on  a 15  x 
0.46  cm  column  with  5 uM  C-18  packing.  No  fluorescent  peak  greater  than 
that  equivalent  to  20  pg  of  benzo(a) -pyrene  under  the  above  conditions 
using  350  nm  excitation,  450  nm  emission. 

Table  16.28:  Benzene  (56)(61) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eluotroplc 

Value,  (£  ) (on  Silica): 

0.27 

Polarity  Index  (P  ): 

3.0 

Viscosity  (cP,  25  C): 

0.60 

Density  (g/mi): 

0.879 

Boiling  Point  ( C)r 

80 

Percent  Water 
Soluble  in  Solvent: 

0.058% 

Refractive  Index  (25  C): 

1.498 

SgECIfIgATIQHS  (61) 

Water:  Less  than  0.02%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Maximum 

Wavelength,  nm  Absorbance 


278 

1.000 

300 

0.020 

325 

0.010 

350 

0.005 

400 

0.005 

Refractive  index:  1.5006  ± 0.0006  at  20*C 

Boiling  range:  80-81*C 

Residue:  Less  than  one  rog/1 

Purity:  Greater  than  99.5%  by  gc  analysis 

Substances  darkened  by  sulfuric  acid:  Passes  ACS  test 

Color  with  hot  sulfuric  acid:  Passes  test  (colorless) 

Thiophene:  Passes  ACS  test  (limit  one  mg/1) 

Electron  capture  gc:  No  residue  peak  greater  than  4 ug/1  as  heptachlor  epoxide. 
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Table  16.29:  2-Butanol  (61) 


SPECIFICATIONS 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Wavelength,  run 
260 
275 
300 
350 
400 


Maximum 

Absorbance 

1.000 

0.300 

0.010 

0.005 

0.005 


Refractive  index:  1.3970  ± 0.0008  at  20* C 

Boiling  range:  99-100*C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  98%  by  gc  analysis 


Table  16.30:  n-Butyl  Acetate  (61) 


SPECIFICATIONS 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Wavelength . nm 
254 
275 
300 
350 
400 


Maximum 

Absorbance 

1.000 

0.050 

0.010 

0.005 

0.005 


Refractive  index:  1.3937  ± 0.0010  at  20* C 

Boiling  range:  124-126*C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99.0%  by  gc  analysis 


Table  16.31:  n-Butyl  Alcohol  (61) 


SPECIFICATIONS 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
215 
225 
250 
275 
300 


Maximum 

Absorbance 

1.000 

0.500 

0.040 

0.010 

0.005 


Refractive  index:  1,3990  ± 0.0004  at  20* C 

Boiling  range:  117-118*C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99,8%  by  gc  analysis 
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Table  16.32:  n-Butyl  Chloride  (61) 


SPECIFICATIONS 

Water:  Less  than  0.02%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

wayeiengbh.  m 
220 
225 
250 
300 
400 

Refractive  index:  1.4017  ± 0.0008  at  20* C 

Bolling  range:  78-79*C 

Residue:  Less  than  one  mg/1 

Chloride:  Not  detectable  (limit  10  mg/1) 

Purity:  Greater  than  99.5%  by  gc  analysis 


Table  16.33:  tert-Butyl  Methyl  Ether  (56) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eluotrepic 

Velue,  (£  i (on  Silica): 

029 

Polarity  Indei  (P ): 

N/A 

Vleceelty  (cP,  33  C); 

0 28 

Denelty  (9/ml): 

0756 

Bollirte  Point  ( C): 

SS3 

Percent  Water 
Soluble  In  Solvent; 

N/A 

Refractive  Indei  (25  C): 

1.368 

Table  16.34:  Carbon  Tetrachloride  (56)(61) 


Typical  Uttraviolet  Spectrum 


Physical  Data 

Eluotroplc 

Value,  It  ) (on  Silica).- 

0.U 

Polarity  Indei  (P  ): 

1.8 

Viacoelty  (cP.  23  C): 

0.90 

Oenefty  (g/ml): 

t.594 

Belting  Point  ( C): 

rr 

Percent  Water 
Soluble  in  Solvent: 

0006% 

Refractive  Indei  (23  C): 

1.457 

Maximum 

1.000 

0.300 

0.010 

0.005 

0.005 


(continued) 
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Table  16.34:  (continued) 


SPECIFICATIONS  (61) 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

W#y.^,3.gU^i;h,^.jus 
263 
275 
300 
350 
400 

Refractive  index:  1.4601  + 0.0003  at  20®C 

Boiling  range:  76-77*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Substances  darkened  by  sulfuric  acid:  Passes  ACS  test 

Acidity:  Not  detectable  (limit  one  mg/1  as  HCl) 

Chloride:  Not  detectable  (limit  10  mg/1) 

Infrared  absorbance:  C-H  and  C-0  free.  Shows  no  extraneous  absorbance  bands 

in  the  3. 1-3. 6 and  5. 6-6.0  micron  ranges  when  observed  in  a 25  mm  path 
length  liquid  cell. 


Maximum 

1.000 

0,100 

0.005 

0.005 

0.005 


Table  16.35:  Chlorobenzene  (61) 


SFEOIFI CATIONS 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Maximum 

Wavelength,  nm 


287 

1.000 

300 

0.050 

325 

0.040 

350 

0.020 

400 

0.005 

Refractive  index:  1,5249  ± 0.0007  at  20* C 

Boiling  range:  131-132*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 


Table  16.36:  Chloroform  (56)(61) 


(Alcohol  Stabilized)  (56) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eluotroplc 

Value,  |C  ) (on  Silica); 

0 31 

Polarity  Index  (P'): 

4.4 

Viacoalty  (cP.  25  C): 

053 

Oenalty  (fl/ml): 

1.483 

Boiling  Point  ( C): 

61 

Percent  Water 
Soluble  In  Solvent: 

0.072% 

Refractive  Index  (25X): 

1.443 

(continued) 
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913 


Table  16.36:  (continued) 

(Hydrocarbon  Stabilized)  (56) 


Typical  Ultraviolet  Spectrum 

Physical  Data 

0 9 
0 rt  H 

Eluotropic 

Value,  (C  ) (on  SlMca): 

0.26 

0 r - 

Polarity  Index  (P  ): 

4.4 

o*.. 

VtacoBity  (cP,  25X): 

0.53 

absorbance 

c o 

1 1 

Denaity  (g/ml): 

1.483 

Bolling  Point  ( C): 

61 

Percent  Water 
Soluble  In  Solvent: 

0.072% 

0 - 

Refractive  Index  (25'C): 

1.443 

00  - 

V 

— 1 — 1 — 1 — F 

1 — 1 — 1 — 1 1 — 1 — 1 — I — 1 — n — I — I — I — 1 — ! 

M)  i(MI  ISO  400 

Wdvel«ni|th  (NM) 

(Without  Ethanol)  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 
Preservative : Amylene 

Water:  Less  than  0.02%  by  Karl  Fischer  titration 

Ultraviolet  absorbance;  Maximum 


WaY9lgh£tb nffl 

Absorbanj 

245 

1.000 

250 

0.300 

275 

0.005 

300 

0.005 

400 

0.005 

Refractive  Index:  1.A457  ± 0.0003  at  20“C 

Bolling  range:  61-62*C 

Residue:  Less  than  one  mg/l 

Purity:  Greater  than  99.9%  by  gc  analysis  (excluding  preservative) 

Suitability  for  use  In  dlthlzone  tests:  Passes  ACS  test 

Substances  darkened  by  sulfuric  acid:  Passes  ACS  test 

Acidity:  Not  detectable  (limit  one  mg/l  as  HCl) 

Chloride:  Not  detectable  (limit  10  mg/l) 

Alkaline  extraction:  Absorbance'^  of  aqueous  alkaline  extract  not  more  than  0,10 

at  240  niD. 

Electron  capture  gc;  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 

(With  1%  Ethanol)  (61) 

SPECIFICATIONS 
Packed  under  nitrogen 
Contains  1%  ethanol. 

Preservative : Amylene 

Water:  Less  than  0.02%  by  Karl  Fischer  titration 

Ultraviolet  absorbance; 

Wavelength,  nm 
245 
250 
275 
300 
400 

Refractive  Index:  1.4447  ± 0.0004  at  20*C 

Bolling  range:  61-62*C 

Residue:  Less  than  one  mg/l 

Purity:  Greater  than  99.9%  by  gc  analysis  (excluding  preservative) 

Suitability  for  use  In  dlthlzone  tests:  Passes  ACS  test 

Substances  darkened  by  sulfuric  acid:  Passes  ACS  test 

Acidity:  Not  detectable  (limit  one  mg/l  as  HCl) 

Chloride:  Not  detectable  (limit  10  mg/l) 

Alkaline  extraction;  Absorbance  of  aqueous  alkaline  extract  not  more  than  0.10 
at  240  nm. 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


Maximum 

Ab^oxbance 

1.000 

0.300 

0.005 

0.005 

0.005 
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Table  16.37:  Cyclohexane  (56}(61) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eluotropic 

Vatue,  (£  ) (on  Silica): 

0.03 

Polarity  Index  (P  ): 

0.0 

Viscosity  (cP,  25  C): 

0.90 

Density  (g/mi): 

0.774 

Boiling  Point  ( C): 

81 

Percent  Water 
Soluble  in  Solvent: 

0.012% 

Refractive  Index  (25  C): 

1.423 

SPECIFICATIONS  (61) 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 


Ultraviolet  absorbance:  Maximum 

Wavelength,  nm  Absorbance 


200 

1.000 

225 

0.170 

250 

0.020 

300 

0,005 

400 

0.005 

Refractive  index:  1.4240  ± 0.0020  at  20*C 

Boiling  range:  80-81*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.5%  by  gc  analysis 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


Table  16.38:  Cyclopentane  (61) 


SPECIFICATIONS 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 


Ultraviolet  absorbance: 


Maximum 

Wavelength,  nm  Absorbance 


200 

1.000 

215 

0.300 

225 

0.020 

300 

0.005 

400 

0.005 

Refractive  index:  1.4065  ± 0.0005  at  20*C 

Boiling  range:  49-50*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  75%  cyclopentane  and  99%  cyclopentane  and  saturated 

C^  hydrocarbons  by  gc  analysis 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


HPLC  and  UV  Data  915 


Table  16.39:  Decahydronaphthalene  <Decalfn)  (61) 


Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance  (under  nitrogen) : 


Refractive  index:  1.4766  ± 0.0015  at  20*C 

Residue:  Less  than  10  mg/1 

Purity:  Greater  than  99.0%  by  gc  analysis 


Table  16.40:  o-DIchlorobenzene  (56)(61) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eluotropic 

Value,  (£  ) (on  Silica): 

N/A 

Polarity  Index  (P  ): 

N/A 

Viacoaity  (cP.  25  C): 

1.33 

Denaity  (g/ml): 

1 306 

Boiling  Point  ( C): 

180.5 

Percent  Water 
Soluble  in  Solvent: 

0.3% 

Refractive  Index  (25  C): 

1.551 

Water:  Less  than  0.02%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Refractive  index:  1.5517  ± 0.0008  at  20* C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  98.0%  by  gc  analysis 
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Table  16.41:  Diethyl  Carbonate  (61) 


SPECIFICATIONS 

Water:  Less  than  0.02%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
256 
265 
275 
300 
400 


Absorbance 

1.000 

0.150 

0.050 

0.040 

0.010 


Refractive  index:  1.384  ± 0.0010  at  20® C 

Boiling  range:  125-126®C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99.0%  by  gc  analysis 


Table  16.42:  Dimethyl  Acetamide  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Wayelepgth . nn\ 
268 
275 
300 
350 
400 


Maximum 

Absorbancy 

1.000 

0.300 

0.080 

0.005 

0.005 


Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.5%  by  glc  analysis 

Gc  impurities  eluting  before  solvent:  None  greater  than  five  mg/1 


Table  16.43:  Dimethyl  Formamide  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 
Water;  Less  than  0.03% 
Ultraviolet  absorbance : 


titration 

Maximum 

Wavelength,  nm 

Absorbanc 

268 

1.000 

275 

0.300 

300 

0,050 

350 

0.005 

400 

0,005 

Residue:  Less  than  two  mg/1 

Purity:  Greater  than  99.9%  by  glc  analysis 

Gc  impurities  eluting  before  solvent:  None  greater  than  five  mg/1 


HPLC  and  UV  Data  917 


Table  16.44:  Dimethyl  Sulfoxide  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.04%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavel^,pg|;,h»..  Pm 
268 
275 
300 
350 
400 


Maximum 

1.000 

0.500 

0.200 

0.020 

0.005 


Refractive  index:  1.4775  ± 0.0015  at  20*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.5%  by  gc  analysis 


Table  16.45:  1,4-Dloxane  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

215 

250 

300 

350 

400 


Maximum 

1.000 

0.300 

0.020 

0.005 

0.005 


Refractive  index:  1.4216  ± 0.0010  at  20*C 

Boiling  range:  101- 102* C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Peroxides:  Less  than  two  mg/1  as  H2O2  at  time  of  packaging 


Table  16.46:  Ether,  Anhydrous  (S6) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eluotropic 

Value,  (C  ) (on  Silica): 

0.29 

Polarity  Index  (P  ): 

2.9 

Viacoaity  (cP,  25  C); 

0.24 

Denaity  (9/ ml): 

0708 

BolMne  Point!  C): 

35 

Percent  Water 
Soluble  in  Solvent: 

1.3% 

Retractive  Index  (25  C): 

1.350 
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Table  16.47:  2-Ethoxyethanol  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 
Water:  Less  than  0.05% 

Ultraviolet  absorbance : 


titration 

Haximuin 

Wavelength  .■  nm 

Absorbanc 

210 

1.000 

225 

0.500 

250 

0.200 

300 

0.005 

400 

0.005 

Refractive  index:  1.4074  ± 0.0005  at  20 "C 

Boiling  range:  134-136*C 

Residue:  Less  than  one  mg/l 

Purity:  Greater  than  99.5%  by  gc  analysis 

Peroxides:  Less  than  two  mg/l  as  H2O2  at  time  of  packaging 


Table  16.48:  Ethyl  Acetate  (56)  (61) 


Typical  Ultraviolet  Spectrum  . 

,o. 

Physical  Data 

0«  - 

Eluotroptc 

Value,  (£  ) |on  Silica): 

0.45 

Polarity  Index  (P  ): 

4.3 

0 ^ - 

Vlacoalty  (cP,  25'C): 

0.43 

3 

Daniity  (g/ml): 

0.900 

Boiling  Point  ( C): 

77 

01  - 

1 

Percent  Water 
Soluble  In  Solvent: 

98% 

0 ; . 

Refractive  Index  (25°C): 

1.370 

on  - 

1 

r“i  I I ■ 

Tf — r~T — f f r 1 r i — i i i t ■ 't  ■'! 

W)  ISO  4D0 

Wav«lefH|lh  (NM) 

SPECIFICATIONS  (61) 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
256 
275 
300 
325 
350 

Refractive  index:  1.3721  ± 0.0003  at  20*C 

Boiling  range:  77-78*C 

Residue:  Less  than  one  mg/l 

Purity:  Greater  than  99.5%  by  gc  analysis.  A special  grade  free  of  trace 

aldehyde,  ketone,  acid,  and  alcohol  (less  than  0.005A  at  275  nm)  is 
available  at  extra  cost. 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


Maximum 

Absorbance 

1.000 

0.050 

0.030 

0.005 

0.005 


HPLC  and  UV  Data  919 


Table  16.48:  (continued) 


ETHYU-AQ£;TATE  • ..Frse 


Purified  for  applications  requiring  solvent  free  of 
trace  aldehyde,  ketone,  acid  or  alcohol. 


gKQlZICAIIQ^ 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
256 
275 
300 

Refractive  index:  1.3721  ± 0.0003  at  20*C 

Boiling  range:  77-78*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis. 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 

Color  with  sulfuric  acid:  Passes  ACS  test 

Swbgtflnggg  permanganate : Passes  24  hour  test 


Haximum 

Atzgprhgngg 

1.000 

0.005 

0.005 


Table  16.49:  Ethylene  DIchloride  (61) 


titration 

Haxlmvun 

W^veXeng^h.  ryn  frhsprb^nce 

228  1.000 

240  0.300 

250  0.100 

300  0.005 

400  0.005 

Refractive  index:  1.4444  ± 0.0006  at  20* C 

Boiling  range:  83-84*C 

Residue:  Less  than  one  mg/1 

Acidity:  Not  detectable  (limit  one  mg/1  as  HCl) 

Chloride:  Not  detectable  (limit  10  mg/1) 

Purity:  Greater  than  99.9%  by  gc  analysis 


gP£g.in  rations 

Water:  Less  than  0.01%  by  Karl  Fischer 

Ultraviolet  absorbance: 


Table  16.50:  Ethyl  Ether  (61) 


ETHYL  ETHER 
WITH  2%  ETHANOL 


SPECIFICATIONS 
Packed  under  nitrogen 
Preservative:  2%  ethanol 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  run 
215 
250 
275 
300 
400 


Maximun^ 

Ab.^otbaBCg 

1.000 

0.080 

0.010 

0.005 

0.005 


Refractive  Index:  1.3528  ± 0.0005  at  20 *C 

Bolling  range:  34-35“C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis  (excluding  preservative) 

Peroxides:  Less  than  one  mg/1  as  H2O2  at  time  of  packaging 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 

(continued) 
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Table  16.50:  (continued) 


ETHYL  ETHER 
WITHOUT  PRESERVATIVE 


SPECIFICATIONS 
Packed  under  nitrogen 
Contains  no  preservatives 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
215 
250 
275 
300 
400 

Refractive  Index:  1.3521  ± 0.0005  at  20* C 

Boiling  range:  34-35*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Peroxides:  Less  than  one  mg/1  as  H2O2  at  time  of  packaging 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


{la&touiB 

A.b^.oybang?, 

1.000 

0.080 

0.010 

0.005 

0.005 


Table  16.51:  GLYME  (61) 


SPECIFXCAn__QN_S 
Packed  under  nitrogen 

Water:  Less  than  0.08%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Maximum 


Wavelength,  nm 

Absorban( 

220 

1.000 

250 

0.250 

300 

0.050 

350 

0.010 

400 

0.005 

Refractive  index:  1.3790  ± 0.0010  at  20* C 

Boiling  range:  84-85*C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99.5%  by  gc  analysis 

Peroxides : Less  than  two  mg/1  as  H2O2  at  time  of  packaging 


Table  16.52:  n-Heptane  (56)(61) 


(continued) 


HPLC  and  UV  Data  921 


Table  16.52:  (continued) 


SPECIFICATIONS  (61) 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
200 
225 
250 
300 
400 


Maximum 

Absorbance 

1.000 

0.100 

0.010 

0.005 

0.005 


Refractive  index:  1.3878  ± 0.0006  at  20" C 

Boiling  range:  98-99"C 

Residue:  Less  than  one  rag/1 

Purity:  Greater  than  96%  n-heptane  and  99.9%  n-heptane  and  saturated  Cy 

hydrocarbons  by  gc  analysis 

Electron  capture  gc:  No  residue  peak  greater  than  4 ug/1  of  heptachlor  epoxide. 


Table  16.53:  Hexadecane  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Wavelength  ._nm 
190 
200 
250 
300 
400 


Maximum 

Absorbance 

1.000 

0.500 

0.020 

0.005 

0,005 


Refractive  Index:  1.4340  ± 0.0006  at  20* C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 


Table  16.54:  Hexane  (56)  (61) 


97%  n- Hexane  (56) 


(continued) 
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Table  16.54;  (continued) 


95%  n-Hexane  (56J 


’“1 

Typical  Ultraviolet  Spectrum 

Physical  Data 

09  - 
0*  - 

Etuotropic 

Valus,  (e  ) (on  Silica): 

000 

07  - 

Polarity  Index  (P ): 

006 

Oft  •< 

Viscosity  (cP.  25  C): 

030 

^ Oft- 

1 

Density  (g/mi): 

0.659 

ft 

</> 

9 Oft- 

1 

Boiling  Point  ( C): 

69 

03  - 

1 

Percent  Water 
Soluble  in  Solvent: 

0 01«t» 

03- 

\ 

Refractive  Index  (25  C): 

1 372 

Ot 

OO  - 

300  2W  3IW  3ft0  400 

WMtengih  INM) 

85%  n-Hexane  (56) 


Hexane  Non-Spectro  (61) 


gPEQingATiot^s 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Optical  transparency  Is  not  controlled.  For  spectro- 

photoraetrlc  applications  use  Hexane  UV. 

Refractive  index:  1.3770  ± 0,0020  at  20* C 

Boiling  range:  68-69*C 

Residue:  Less  than  one  mg/l 

Benzene:  Less  than  lOmg/1 

Purity:  Greater  than  85%  n*hexane  and  99,5%  U'^hexane  and  saturated  hydro- 

carbons by  glc  analysis. 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


(continued) 


HPLC  and  UV  Data  923 


Table  16.54:  (continued) 


Hexane  UV  (61) 


fi£EgifICATIQE[S 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

v,^ye length,  m 
195 
225 
250 
275 
300 


1.000 

0.050 

0.010 

0.005 

0.005 


Refractive  index:  1.3770  ± 0.0020  at  20*G 

Residue:  Less  than  one  mg/1 
Benzene;  Less  than  one  mg/1 

Purity:  Greater  than  85%  n-hexane  and  99.9%  n-hexane  and  saturated 

hydrocarbons  by  glc  analysis 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


Table  16.55;  Isobutyl  Alcohol  (56)  (61) 


Typical  UKrsvIolet  Spectrum 


Physical  Data 

Eluotroplc 

(£’)  (on  Silica): 

0.54 

Polarity  Index  (P  ); 

3.0 

Vlacoalty  (cP,  28X): 

4.70 

Donaity  (g/ml): 

0.802 

Boiling  Point  (X):  106‘ 

Parcant  Water 
Soluble  In  Solvent: 

N/A 

Refractive  Index  (28X): 

1.364 

g.FEgj;FXCATlONS  (61) 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Vay,g.le.ngth.  n^ 
220 
250 
275 
300 
400 


Maximum 

1.000 

0.050 

0.030 

0.020 

0.010 


Refractive  index:  1.3959  ± 0.0011  at  20*C 

Bolling  range:  108-109*C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99.0%  by  gc  analysis 
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Table  16.56:  Iso-Octane  (2,2,4-Trlmethylpentane)  (61) 


SPECIFICATIONS 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Wavelength,  nm 
215 
225 
250 
300 
400 

Refractive  index:  1.3915  ± 0.0008  at  20* C 

Bolling  range:  99-100*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.0%  by  gc  analysis 

Halomethanes : Less  than  one  ppb  available  on  special  order 

Electron  capture  gc:  No  residue  peaks  greater  than  4 ug/1  as  heptachlor  epoxide. 


Absorbance 

1.000 

0.100 

0.020 

0.005 

0.005 


Table  16.57:  Isopropyl  Alcohol  (61) 


SPECIFICATIONS 

Water:  Less  than  0.06%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Maximum 


Wavelength,  nm 

Absorbanc 

205  ‘ 

1.000 

225 

0.160 

250 

0.020 

300 

0.005 

400 

0.005 

0*C 

Refractive  index:  1.3766  ± 0.0006  a 

Boiling  range:  82-83“C 

Residue:  Less  than  two  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Electron  capture  gc : No  residue  peak  greater  than  4 ug/1  as  heptachlor  epoxide. 


ISOPROPYI^  ALCOHOL 
Low  Water 


SPECIFICATIONS 
Water:  Less  than  0.01% 

Ultraviolet  absorbance : 


titration 

Maximum 

Wavelength,  nm 

Absorbanc 

205 

1.000 

225 

0.160 

250 

0.020 

300 

0.005 

400 

0.005 

Refractive  Index:  1.3766  ± 0.0006  at  20*C 

Bolling  range:  82-83*C 

Residue:  Less  than  two  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Electron  capture  gc:  No  residue  peak  greater  than  4 ug/1  as  heptachlor  epoxide. 
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Table  16.58:  Isopropyl  Myristate  (61) 

A specially  purified  solvent  intended  for  sterility 
testing  of  ophthalmic  ointments. 


SPECIFICATIONS 

pH  of  Water  extract:  Greater  than  6.5 

Appearance:  Clear,  colorless  liquid 

Infrared  absorbance:  Equivalent  to  standard 


Table  16.59:  Methanol  {56)(61) 


Typical  Ultraviolet  Spectrum 


IMtawtenvih  (NMt 


Physical  Data 

Eluotroplc 

Value,  (£  ) (on  Silica): 

0.73 

Polarity  Index  (P  ): 

66 

Viscosity  (cP,  25  C): 

0.54 

Density  (g/ml); 

0.791 

Boiling  Point  ( C): 

65 

Percent  Water 

Soluble  in  Solvent:  Miscible 

Refractive  Index  (25  C): 

1.326 

SPECIFICATIONS  (61) 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance : 


205 

225 

250 

300 

400 


Maximum 

Absorbance 

1.000 

0.160 

0.020 

0.005 

0.005 


Refractive  index:  1.3284  ± 0.0004  at  20'’C 

Boiling  range:  64-65*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 

Purity  by  liquid  chromatography:  No  UV  absorbing  peak  greater  than  0.005 

absorbance  unit  (1  cm  path  length)  at  254  nm  in  a gradient  from  100%  water 
to  100%  methanol  on  a 15  x 0,46  cm  column  with  5 uM  C-18  packing.  No 
fluorescent  peak  greater  than  that  equivalent  to  20  pg  of  benzo(a)pyrene 
under  the  above  conditions  using  350  nm  excitation,  ^50  nm  emission. 


METHANOL 

For  Purge  and  Trap  Analysis 


SPECIFICATIONS  (6t) 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Refractive  index:  1.3284  ± 0.0004  at  20 *C 

Boiling  range:  64-65"C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysts 

Volatile  Organics:  Suitable  for  GC-MS  analysis  of  volatile  organics  in  water 

and  soil/sediment  samples  according  to  the  EPA  purge  and  trap  Methods  601, 
624,  and  8240  (2-Butanone:  less  than  10  ug/1) . 


926  Industrial  Solvents  Handbook 


Table  16.60:  2-Methoxyethanol  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.08%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Wavelength,  nm 
210 
250 
275 
300 
400 


Maximum 

Absorbance 

1.000 

0.130 

0.030 

0.005 

0.005 


Refractive  Index:  1.4020  ± 0.0010  at  20’C 

Bolling  range:  123-124®C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Suitability  for  use  In  nlnhydrln  assay:  Passes  test 

Peroxides:  Less  than  two  mg/1  as  H2O2  at  time  of  packaging 


Table  16.61:  2-  Methoxyethyl  Acetate  (61) 


gPEg.IFiqAI,IQN.5 

Packed  under  nitrogen 

Preservative:  Available  with  or  without  0.1%  para-methoxyohenol 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Maximum 

Wavelength,  nm  Absorbance 


254 

1.000 

275 

0.150 

300 

0.050 

350 

0.005 

400 

0.005 

Refractive  index:  1.4015  ± 0.0010  at  20®C 

Bolling  range:  143-144*C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  98%  by  gc  analysis 

Peroxides:  Less  than  two  mg/1  as  H2O2  at  time  of  packaging 


Table  16.62:  Methyl  t-Butyl  Ether  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water;  Less  than  0.02%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Maximum 


Wavelength,  nm  Absorbance 


210 

1.000 

225 

0.500 

250 

0.100 

300 

0.005 

400 

0.005 

Refractive  Index:  1.3690  ± 0.0010  at  20* C 

Bolling  range:  55-56*C 

Residue:  Less  than  one  mg/1 

Purity;  Greater  than  99.0%  by  gc  analysis 
Peroxide;  Less  than  one  mg/1  as  H2O2 

Electron  capture  gc;  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


HPLC  and  UV  Data  927 


Table  16.63:  Methylene  Chloride  (56)(61) 


Typical  Ultravioiat  Spectrum 


Physical  Data 

Eluotropic 

Value,  (£  ) (on  Silica): 

0.32 

Polarity  Index  (P  ): 

3.4 

Viacoaity  (cP,  25  C): 

0.41 

Denaity  (g/ml): 

1.327 

Boiling  Point  ( C): 

40 

Percent  Water 
Soluble  in  Solvent: 

0. 1 

Refractive  index  (25  C): 

1 421 

WawNmqlh  (NMI 


SPECIFICATIONS  (61) 

Preservative : Cyclohexene 

Water:  Loss  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

M_axlmum 

Wavelength,  nm  Absorbance 


233 

1.000 

240 

0.100 

250 

0.010 

300 

0.005 

400 

0.005 

Refractive  Index:  1.4241  ± 0.0005  at  20“ C 

Bolling  range:  40*41“C 

Residue:  Less  than  one  mg/1 

Acidity:  Not  detectable  (limit  one  mg/1  as  HCl) 

Chloride:  Not  detectable  (limit  10  mg/1) 

Purity:  Greater  than  99.9%  by  gc  analysis 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide. 


Table  16.64:  Methyl  Ethyl  Ketone  (56)(61) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eluotropic 

Value,  (£  ) (on  Silica): 

0.39 

Polarity  Index  (P  ): 

4.5 

Viacoaity  (cP,  25  C): 

0.38 

Denaity  (g/ml): 

0.805 

Boiling  Point  ( C): 

80 

Percent  Water 
Soluble  in  Solvent: 

23.4% 

Refractive  Index  (25  C): 

1.376 
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Table  16.64:  (continued) 


SPECIFICATIONS  (61) 

Packed  under  nitrogen 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Wavelength,  nm 
329 
340 
350 
375 
400 


1.000 

0.100 

0.020 

0.010 

0.005 


Refractive  index:  1.3783  + 0.0007  at  20® C 

Boiling  range:  79-80®C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.5%  by  gc  analysis 


Table  16.65:  Methyl  leoamyl  Ketone  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

330 

340 

350 

375 

400 

Refractive  index:  1.4072  ± 0.0005  at  20® C 

Boiling  range : 142  - 144® C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99.0%  by  gc  analysis 


nm 


1.000 

0.100 

0.050 

0.010 

0.005 


Table  16.66:  Methyl  leobutyl  Ketone  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
334 
340 
350 
375 
400 


Maximum 

Absorbance 

1.000 

0.500 

0.250 

0.050 

0.005 


Refractive  index:  1.3954  ± 0,0006  at  20® C 

Boiling  range:  115-116®C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99.0%  by  gc  analysis 


HPLC  and  UV  Data 
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Table  16.67:  Methyl  n-Propyl  Ketone  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Maximum 

Wavelength,  nm  Absorbance 

331  1.000 

340  0.150 

350  0.020 

375  0.005 

400  0.005 


Refractive  Index:  1.3903  ± 0.0008  at  20* C 

Bolling  range:  101- 102* C 

Residue:  Less  than  two  mg/1 

Purity:  Greater  than  90.0%  methyl  n-propyl  ketone  and  greater  than  99.0% 

methyl  n-propyl  ketone  and  methyl  Isobutyl  ketone  by  gc  analysis 


Table  16.68:  N-Methylpyrrolldone  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

w^v^l^ngbb, 


285 

1.000 

300 

0.500 

325 

0.100 

350 

0.030 

400 

0.010 

Refractive  Index:  1.4700  ± 0.0020  at  20* C 

Purity:  Greater  than  99.5%  by  gc  analysis 


Table  16.69:  Pentane  (56) (61) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eiuotropic 

Value,  (C^)  (on  Silica): 

0.00 

Polarity  Index  (P  ): 

0.0 

Vlaco8lty(cP,  25X): 

0.22 

Denaity  (g/mi): 

0.626 

Boiling  Point  (X): 

36 

Percent  Water 
Soluble  In  Solvent: 

0.01% 

Refractive  Index  (25X): 

1.355 
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Table  16.69:  (continued) 


SPECIFICATIONS  (61) 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance : Maximum 


Waveleneth.  nm 

Absorbance 

190 

1.000 

200 

0.600 

250 

0.010 

300 

0.005 

400 

Refractive  index:  1.3576  ± 0.0003  at  20® C 

Boiling  range:  35-37*C 

Residue:  Less  than  one  mg/1 

0.005 

Purity:  Greater  than  98%  n-pentane  and  99.9%  n*pentane  and 

hydrocarbons  by  gc  analysis 

Halomethanes : Less  than  one  ppb  available  on  special  order 

saturated 

Electron  capture  gc:  No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide 


Table  16.70:  Petroleum  Ether  (61) 


SPECIFICATIONS 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Optical  transparency  is  not  controlled.  Typical 

ultraviolet  absorption  spectrum  is  shown  for  information  only. 

Refractive  index:  1.3650  ± 0.0050  at  20® C 

Boiling  range:  30-60®C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99%  total  pentane  and  hexane  isomers  by  gc  analysis 

Electron  capture  gc ; No  residue  peaks  greater  than  10  ng/1  as  heptachlor  epoxide 


Table  16.71:  beta-Phenethylamlne  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 
Ultraviolet  absorbance: 


Maximum 


Wavelength,  nm 

Absorbani 

285 

1.000 

300 

0.300 

325 

0.100 

350 

0.050 

400 

0.005 

Purity:  Greater  than  98%  by  gc  analysis 
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Table  16.72:  2-Propanol  (56) 


Typical  Ultraviolet  Spectrum 

...  - 

Physical  Data 

Eluotropic 

Value,  (£  ) (on  Silica): 

0.63 

Polarity  Index  (P  ); 

4.3 

Viacoaity  (cP,  25  C): 

1.9 

Oenaity  (g/ml): 

0.785 

s 

i 

Boiling  Point  ( C): 

82 

§04- 

Percent  Water 

OJ  - 

\ 

Soluble  in  Solvent:  Miscible 

V 

Refractive  Index  (25  C): 

1.384 

01 

V 

00  - 

IS 

r"T"i 
0 «>0 

I — r r T 1 — 1 — m i — i — i — i — r 

Wavelenylh  INMI 

Table  16.73:  n-Propyl  Alcohol  (61) 


SPECIFICATIONS 

Water:  Less  than  0.05%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
210 
225 
250 
300 
400 


Maxitnum 

Absorbance 

1.000 

0.500 

0.050 

0.005 

0.005 


Refractive  index;  1.3849  ± 0.0008  at  20*C 
Boiling  range:  97-98"C 

Residue:  Less  than  three  nig/1 

Purity:  Greater  than  99.5%  by  gc  analysis 


Table  16.74:  Propylene  Carbonate  (61) 


SPECIFICATIONS 

Water:  Less  than  0.04%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Max i mutn 


Wavelength,  nm 
280 
300 
350 
375 
400 


Absorbance 

1.000 

0.500 

0.050 

0.030 

0.020 


Refractive  index:  1.4212  ± 0.0008  at  20®C 

Residue:  Less  than  five  mg/1 

Purity:  Greater  than  99%  by  gc  analysis 
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Table  16.75:  Pyridine  (56) (61) 


Typical  Ultraviolet  Spectrum 


MaMlength  (NM) 


Phyalcai  Data 

Eiuotropic 

Valua,  (£°)  (on  8lllca|: 

0.55 

Polarity  fndax  (P  ); 

5.3 

Vfacoaity  (cP,  25X): 

0.88 

Oanaity  (g/ml): 

0.98 

BolUng  Point  (X); 

115“ 

Parcant  Watar 
Solubla  In  Solvant: 

Miscible 

Rafractiva  lndax(25X):  1.507 

SPECIFICATIONS  (61) 

Packed  under  nitrogen 

Water:  Less  than  0,05%  by  Karl  Fischer  titration 

Primary  and  secondary  amines  by  ninhydrin  test:  Less  than  10  ppm 

Refractive  index:  1.5093  ± 0.0008  at  20’C 

Boiling  range:  115-116*0 

Residue:  Less  than  two  mg/1 

Purity:  Greater  than  99.8%  by  gc  analysis 


Table  16.76:  Tetrahydrofuran  (56) (61) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eiuotropic 

Valua,  (£“)  (on  Silica): 

0.35 

Polarity  Indax  (P  ): 

42 

Viacoaity  (cP,  25“C): 

0.46 

Penalty  (g/ml): 

0.881 

Bolling  Point  (X): 

66“ 

Parcant  Watar 

Solubla  In  Solvant:  Miscible 

Rafractiva  Indax  (25X); 

1.405 

(continued) 
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Table  16.76:  (continued) 


TETRAHYDROFURAN  NON-SPECTRO  (61) 


Packed  under  nitrogen 

Preservative:  250  mg/1  butylated  hydroxy toluene . 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Optical  transparency  is  not  controlled.  For  spectro- 

photometric  applications  use  Tetrahydrofuran  UV. 

Refractive  index:  1.4070  ± 0.0005  at  20 *C 

Boiling  range:  66- 67^0 

Purity:  Greater  than  99.9%  by  gc  analysis 

Peroxides:  Less  than  two  mg/1  as  H2O2  at  time  of  packaging 


TETRAHYDROFURAN  UV  (61) 


SPECIFICATIONS 
Packed  under  nitrogen 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Wftveleng^h,  m 
212 
250 
300 
350 
400 


Maximum 

1.000 

0.180 

0.020 

0.005 

0.005 


Refractive  index:  1.4070  ± 0.0005  at  20*C 

Boiling  range:  66-67*C 

Residue:  Less  than  one  mg/1 

Purity:  Greater  than  99.9%  by  gc  analysis 

Peroxides : Less  than  two  mg/1  as  H2O2  at  time  of  packaging 


Table  16.77:  Toluene  (56)(61) 


Typical  Ultraviolet  Spectrum 


Phyeical  Data 

Eiuotropic 

Value.  (£‘)  (on  Silica): 

0.22 

Polarity  Index  (P  ): 

2.4 

Vlecoaity  (cP.  25X): 

0.55 

Oenaity  (g/ml): 

0.867 

Bolling  Point  (X):  110*' 

Percent  Water 
Soluble  In  Solvent: 

0.046% 

Refractive  Index  (25X): 

1.494 

(continued) 
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Table  16.77:  (continued) 


SPECIFICATIONS  (61) 

Water:  Less  than  0.03%  by  Karl  Fischer  titration 

Ultraviolet  absorbance:  Maximum 

Wavelength,  nm  Absorbance 


284 

1.000 

300 

0.120 

325 

0.020 

350 

0,005 

400 

0.005 

Refractive  index:  1.4967  ± 0.0004  at  20* C 

Bolling  range:  110**111*C 

Residue:  Less  than  one  mg/1 

Benzene:  Less  than  500  mg/1 

Purity:  Greater  than  99.8%  by  gc  analysis 

Electron  capture  gc:  No  residue  peak  greater  than  4 ug/1  as  heptachlor  epoxide. 


Table  16.78:  1,2,4-Trlchlorobenzene  (56)(61) 


SPECIFICATIONS  (61) 

Water:  Less  than  0,01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 


Wavelength,  nm 
308 
310 
350 
375 
400 


Maximum 

1.000 

0.500 

0.050 

0.010 

0.005 


Refractive  index:  1.5716  ± 0.0005  at  20* C 

Purity:  Greater  than  98.0%  by  gc  analysis 

Particulate  matter:  Filtered  through  a 0.5  micron  filter 

Residue:  Less  than  10  mg/1 


HPLC  and  UV  Data 
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Table  16.79:  Trichloroethylene  (61) 


S££gIfICATIQWg 

Preservative:  1,2-Butylene  oxide 

Water:  Leas  than  0.02%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Way?,;enath.  m 
273 
300 
325 
350 
400 


f4axj.niuffl 

Ab^9Cl?an<;;^ 

1.000 

0.100 

0.080 

0.060 

0.060 


Refractive  index:  1.4767  ± 0.0008  at  20* C 

Boiling  range:  86-87*C 

Residue:  Less  than  one  mg/1 

Acidity:  Not  detectable  (limit  one  mg/1  as  HCl) 

Chloride:  Not  detectable  (limit  10  mg/1) 

Purity:  Greater  than  99%  by  gc  analysis 


Table  16.80:  1,1,2-Trichlorotrifluoroethane  (56)  (61) 


Typical  Ultraviolet  Spectrum 


Physical  Data 

Eluotropic 

Vsiue.  (£  ) (on  Silica): 

002 

Polarity  Indax  (P  ): 

2.00 

Vlacoaity  (cP.  2S  C): 

04 

Danaity  (a/ml): 

1.57 

Boiling  Point  ( C): 

48 

Parcant  Watar 
Soiubia  In  Solvant: 

N/A 

Rafractiva  indax  (2SX): 

1 267 

SPECIFICATIONS  (61) 

Water:  Less  than  0.01%  by  Karl  Fischer  titration 

Ultraviolet  absorbance: 

Wavelength,  nm 
231 
250 
300 
350 
400 


Max imum 
AJjgor^aage 
1.000 
0.050 
0.005 
0.005 
0.005 


Refractive  index:  1.3583  ± 0.0003  at  20“ C 

Boiling  range:  47-48“C 

Residue:  Less  than  one  mg/1 

Acidity:  Not  detectable  (limit  one  mg/1  as  HCl) 

Chloride:  Not  detectable  (limit  10  mg/1) 

Purity:  Greater  than  99.5%  by  gc  analysis 

Infrared  absorbance:  C-H  free.  Shows  no  extraneous  absorbance  bands  in  the 

3. 1-3.6  micron  range  when  observed  in  a 25mm  path  length  liquid  cell. 
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Table  16.81:  Trifluoroacetic  Acid  (S6)(61) 


Typical  Actual  Lot  Chromatogram 

Qradiant  laat  Cenditiona 

Column:  BAKERBOND'  Wide  Rore  C,..  4 6 « 

2S0mm,  precondilioned  with  30mL  ol 
(V/V)  TEA  in  acetonitnie 
Mobtia  Phaae:  a ■ 0 1%  TEA  m H,0 

B ■ 01%  TEA  in  CH,CN 
Qradient:  100%A  -►  lOO'  -B  40fnin 
Fkm  Rate:  i mL/min 
Dofoclion:  UV  tu  2^b.  0 64  auls 
Sample  Enrlctiment:  30mL  applied  at  1 ml  ^mm 


Physical  Data 

Eluotroptc 

Vaiua,  (£  ) (on  Silica): 

N/A 

Polarity  Indax  (P  ): 

N/A 

Viacoaity  (cP,  25  C): 

N/A 

Danaity  (g/ml): 

1 

Boiling  Point  ( C): 

72  4 

Parcant  Watar 

Soiubla  in  Solvant:  Miscible 

Pafractiva  Indax  (25  C): 

N/A 

SPECIFICATIONS  (61) 

Water:  Less  than  0.05% 

Ultraviolet  absorbance  (0.1%  solution  in  water): 


Maximum 

Waveleng:th.  nm  Afeagrkftnjg^ 


210 

1,000 

230 

0.150 

250 

0.010 

300 

0,005 

Purity:  Greater  than  99.9%  by  titration 


Table  16.82:  Trimethylpentane  (56) 


Typical  Ultraviolet  Spectrum  * 


Physical  Data 

Eluotroptc 

Valua,  (£  ) (on  Silica): 

0.01 

Polarity  Indax  (P  ): 

0 1 

Viacoaity  (cP,  25X): 

0.47 

Danaity  (g/ml): 

0.690 

Bolling  Point  ('C): 

99 

Parcant  Watar 
Soiubla  In  Solvant: 

001 1% 

Rafractiva  Indax  (26°C): 

1 389 

HPLC  and  UV  Data  937 


Table  16.83:  Water  (56)(61) 


Ultraviolet  absorbance:  Maximum 

Wavelength,  nm  Absorbance 


190 

0.010 

200 

0.010 

250 

0,005 

300 

0.005 

400 

0.005 

Refractive  index:  1.3330  ± 0.0010  at  20® C 

Residue:  Less  than  one  mg/1 

Purity  by  liquid  chromatography:  No  UV  absorbing  peak  greater  than  0.001 

absorbance  unit  (1  cm  path  length)  at  254  nm,  or  0.005  absorbance  unit  at 
205  nm  in  a gradient  from  100%  water  to  100%  acetonitrile  on  a 15  x 0.46  cm 
C-18  column  with  5 uM  packing  after  an  initial  loading  of  20  mL  water.  No 
fluorescent  peak  greater  than  that  equivalent  to  20  pg  of  benzo (a) pyrene 
under  the  above  conditions  using  350  nm  excitation,  450  nm  emission. 


Table  16.84:  ortho-Xylene  (61) 


SPECIFICATIONS 
Water:  Less  than  0.02% 

Ultraviolet  absorbance: 


titration 

Maximum 

Wavelength,  nm 

Absorbanci 

288 

1.000 

300 

0.200 

325 

0.050 

350 

0.010 

400 

0.005 

Refractive  index:  1.5050  ± 0.0010  at  20* C 

Boiling  range:  144«145*C 

Residue:  Less  than  five  mg/l 

Purity:  Greater  than  95.0%  ^-xylene  and  99.0%  xylenes  by  gc  analysis 


Appendix — Comparative  Data  for  Various  Soivents 


Physical  Properties  of  Some  Selected  Solvents  (10) 


Name 

Mol. 

Wt. 

Density 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Dielec. 

Constant 

List 

No. 

water 

18.02 

0 

,9971 

25.0 

1.3329 

0.0 

760. 

100. n 

78,54 

1 

methanol 

32.  OA 

0 

.7866 

25.0 

1,3265 

-97.7 

0. 

64.7 

32.70 

2 

acetonitkile 

Al.05 

0 

.7766 

25,0 

1.3416 

-43.8 

0. 

81.6 

37.50 

3 

ETHYLENIMINE 

A3. 07 

0 

.8320 

25,0 

1.4123 

-78.0 

0. 

57.  (■ 

18.30 

4 

ACETALDEmYDE 

AA.05 

0 

.7780 

20.0 

1.3311 

-123.0 

0. 

20,4 

21.10 

5 

FORMAMlOt 

AS.OA 

1 

.1334 

20.0 

1.4475 

2.6 

0. 

210,5 

109.00 

6 

FORMIC  ALIO 

A6.03 

1 

• 2im 

25,0 

1.3694 

8.3 

0. 

100.6 

58.50 

7 

ETHANOL 

A6.07 

c 

.7850 

25.0 

1.3594 

-114.1 

0. 

78.3 

24.55 

8 

ACRYLONITRILE 

53.06 

0 

.8004 

25.0 

1.3888 

-83.6 

0. 

77.3 

33.00 

9 

1,2-bUTALiIENE 

5A.09 

0 

.6760 

1.0 

1,4205 

-136,3 

0. 

10.9 

0.0 

10 

2-0UTYNE 

5A.09 

0 

.6910 

20.0 

1.3921 

-32.3 

760. 

27. u 

0.0 

11 

propionithile 

55.08 

0 

.7818 

20.0 

1.3681 

-92,8 

0. 

97.4 

27.20 

12 

PROPIONITRILE 

55.08 

0 

.7768 

25.0 

1.3636 

-92.8 

0. 

97,4 

27,20 

13 

ACROLEIN 

56.06 

0 

.8389 

20.0 

1,4017 

-87.0 

0. 

52.7 

0.0 

14 

propargyl  alcohol 

56.06 

0 

.9450 

25.0 

1.4300 

-51.8 

0. 

113.6 

24.50 

15 

ALLYlAMINl 

57.10 

c 

.7629 

20.0 

1.4205 

-88,2 

0. 

53.3 

C.O 

16 

acetone 

58.05 

0 

.7900 

20.0 

1,3587 

-94,7 

0. 

56.3 

20.70 

17 

acetone 

58.08 

0 

.7844 

25.0 

1.3560 

-94,7 

0. 

56.3 

20.70 

18 

ALLYL  ALlOHOL 

58.08 

0 

.8540 

20.0 

1,4135 

-129.0 

0. 

97.0 

0.0 

19 

2-PROPENl-I-OL 

58.08 

V 

.6421 

30.0 

1,4090 

-129.0 

0. 

97,1 

21.60 

20 

PROPIONALDEHYDE 

58.08 

0 

.7912 

25.0 

1.3593 

-80,0 

0. 

48.0 

18.50 

21 

propylene  oxide 

58.08 

0 

.8287 

20.0 

1.3660 

-111.9 

0. 

33.9 

0.0 

22 

N-ME  FORHAMIDE 

59.07 

0 

.9988 

25.0 

1.4300 

-3.8 

0. 

182,5 

1H2.40 

23 

ISOPWOPYlAMINE 

59.11 

0 

.6821 

25,0 

1.3711 

-95.2 

0, 

32.4 

5,45 

24 

N-PROPYLAMINE 

59.11 

0 

,7173 

20.0 

1.3882 

-83.0 

0. 

48.5 

5.31 

25 

ACETIC  ACID 

60.05 

1 

.0492 

20.0 

1,3719 

16.7 

0. 

117,9 

6.15 

26 

methyl  formate 

60.05 

0 

.9742 

20.0 

1.3433 

-99.0 

0. 

31.5 

8.50 

27 

ETHYLENEJIAMInE 

60.10 

0 

.8859 

30.0 

1.4513 

11.3 

0. 

117,3 

12.90 

28 

propanol- 1 

60.10 

0 

.6038 

20.0 

1.3856 

-126.2 

0. 

97.2 

20.33 

29 

propanol- 1 

60.10 

0 

.7998 

25.0 

1.3837 

-126.2 

0. 

97.2 

20.33 

30 

PROPANOL-2 

60.10 

0 

.7854 

20.0 

1.3772 

-88.0 

0. 

82.3 

19,92 

31 

NITROmETHANE 

61.04 

1 

.1312 

25.0 

1.3796 

-28.5 

0. 

101.2 

35.87 

32 

2-AMlNOEfHANOL 

61.08 

1 

.0116 

25.0 

1.4521 

10.5 

0. 

170.0 

37.72 

33 

1,2-tTHANtDIOL 

62.07 

1 

.1135 

20.0 

1.4318 

-13.2 

0. 

197,3 

37,70 

34 

ETHANETHIOL 

62.13 

0 

.8391 

20.0 

1.4311 

-144,4 

760. 

35,0 

0.0 

35 

METHYLSULFIDE 

63.13 

0 

.8423 

25.0 

1.4323 

-98,3 

0. 

37,3 

6.20 

36 

CHLOkOETmanE 

64.52 

0 

,9039 

20.0 

1,3790 

-136.4 

0. 

12-3 

9.45 

37 

3-aU*ENENlTRlLE 

67.09 

0 

.8329 

20.0 

1.4060 

-84.0 

76Q. 

119,0 

0.0 

38 

TRANb-CROTONONlTRlLE 

67.09 

0 

.8239 

20.0 

1.4225 

-51.5 

760. 

120.5 

0.0 

39 

METHYLACr'YLONlTRlLE 

67.09 

0 

.8001 

20.0 

1.4007 

-35.8 

0. 

90.3 

0.0 

40 

Pyrrole 

67.09 

0 

.9699 

21.0 

1.5002 

-23.4 

0. 

129, H 

H.  13 

41 

Fur  Aim 

68,08 

0 

.9378 

20.0 

1.4214 

0.0 

0. 

31.4 

2.94 

42 

1.3-PENTAJIENE 

68.11 

0 

.6830 

0.0 

1.4280 

0.0 

0. 

41.6 

0.0 

43 

ISOPKENE 

68.13 

0 

.6810 

20.0 

1.4219 

-146.0 

760. 

34,0 

2.10 

44 

1.2-PENTADIENE 

68.13 

0 

.6926 

20.0 

1.4209 

-137.3 

760. 

44.9 

0.0 

45 

1,A-PENTADIENE 

68.13 

0 

.6608 

20.0 

1.3888 

-148.3 

760. 

0.0 

0.0 

46 

2m3-PENTADIENE 

68.13 

0 

.6950 

20.0 

1.4284 

-125.7 

760. 

48.3 

0.0 

47 

BUTYHONITRILE 

69.11 

0 

.7954 

15.0 

1.3860 

-111.9 

0. 

117.9 

20.30 

48 

euTYHONITRILE 

69.11 

0 

.7865 

25.0 

1.3820 

-111.9 

0. 

117.9 

20.30 

49 

iSOflUTYRONlTRILE 

69.11 

0 

.7656 

25.0 

1.3712 

-71.5 

0. 

103.9 

20.40 

50 

PROPYNOIC  ACID 

70.05 

1 

.1380 

20.0 

1.4306 

18.0 

0. 

144,0 

0.0 

51 

CROTONALOEHYDE 

70.09 

0 

.8516 

20.0 

1.4373 

-76.5 

0. 

104.1 

0.0 

52 

cyclopentane 

70.13 

0 

.7454 

0.0 

1.4065 

-93.8 

0. 

49.3 

1.96 

53 

1-PENTENfc 

70.13 

0 

.6405 

20.0 

1,3715 

-165.2 

0. 

30.0 

2.02 

54 

2-PENTENt 

70.13 

0 

.6545 

20.0 

1.3798 

-138.0 

0. 

36.7 

0.0 

55 

CIS-2-PENTENE 

70,13 

0 

.6556 

20.0 

1.3830 

-151.4 

0. 

36.9 

0.0 

56 

TRANb-2-PLNTENE 

70.13 

0 

• 6482 

20.0 

1.3793 

-140.2 

0. 

36.4 

0.0 

57 

2-methyl-i-butene 

70.14 

0 

.6504 

20.0 

1.3378 

-137.6 

760. 

31.2 

2.20 

58 

2«METHYL-2-eUTENt 

70.14 

0 

.6623 

20.0 

1,3874 

-133.8 

760, 

38.6 

0.0 

59 

2-CYANOETmANOL 

71.08 

1 

• 0404 

25,0 

0.0 

-46.0 

0. 

220.0 

0.0 

60 

3-.HY0R0XY  PROPIONITRILE 

71.08 

1 

.0588 

20.0 

1.4240 

0.0 

760. 

230.0 

0.0 

61 

LACTOnITKILE 

71,08 

0 

.9877 

20.0 

1.4058 

-40.0 

0. 

183,0 

0.0 

62 

Pyrrolidine 

71.12 

0 

.8520 

22.0 

1.4270 

0.0 

0. 

88.7 

0.0 

63 

ACRYLIC  ACID 

72.06 

1 

.0511 

20.0 

1.4224 

13.5 

0. 

141.2 

0.0 

64 

PROPIOLALTONE 

72.06 

1 

-1460 

20.0 

1.4131 

-33.4 

0. 

155.0 

0.0 

65 

ALLYL  methyl  ETHER 

72.11 

0 

• 7610 

25.0 

1.3786 

0.0 

0. 

41,5 

C.O 

66 

2-0UTANONE 

72.11 

0 

• 8049 

20.0 

1.3788 

-86.7 

0. 

79.6 

18.51 

67 

2-0UTANOHL 

72.11 

0 

.7997 

25.0 

1.3764 

-86.7 

0. 

79.6 

18.52 

68 

2-8UTENE0L-1  <CIS) 

72.11 

0 

.8540 

20.0 

1.4342 

-89.4 

760, 

123.6 

0.0 

69 

1*2-BUTYL£NE  OXIDE 

72.11 

0 

.8297 

20.0 

1.3840 

-150.0 

0. 

63.2 

C.O 

70 

butyraldlhyde 

72.11 

0 

• 6016 

20.0 

1.3791 

-96.4 

0. 

74.8 

13.40 

71 

iso-butyraldemyde 

72.11 

0 

.7891 

20.0 

1,3727 

-65.0 

0. 

64,1 

0.0 

72 

ETHYLVINYL  ETHER 

72.11 

0 

.7531 

20.0 

1.3754 

-115.8 

0. 

35.7 

0.0 

73 

METHALLYl  alcohol 

72.11 

0 

.8574 

19.0 

1.4255 

0.0 

0. 

114.5 

0.0 

74 

TETRAHYDROFURAN 

72.11 

0 

.8892 

20.0 

1.4050 

-108.5 

0. 

66.  C 

7,58 

75 

TETRAHYDHOFURAN. 

72.11 

0 

.8811 

25.0 

1.4050 

-108.5 

0. 

66.0 

7.S8 

76 

1*2-£P0XY-2-ME  propane 

72.12 

0 

.8650 

0.0 

1.3712 

0.0 

760. 

52.0 

0.0 

77 

2*2-l»IMEIhYL  propane 

72.15 

0 

.6135 

20.0 

1.3476 

-20.0 

0. 

9.5 

0.0 

78 

2-methyl  butane 

72,15 

0 

.6197 

0.0 

1.3537 

-159.9 

0. 

27.9 

1.84 

79 

pentane 

72.15 

0 

.6262 

20.0 

1.3579 

-129,7 

0. 

36.1 

0.0 

80 

NN-DIMETHYLFORMAMIDE 

73.10 

0 

.9440 

25.0 

1.4282 

-60.4 

760. 

153.0 

36.71 

61 

methyl  uothiocyanate 

73.12 

1 

.0691 

37.0 

1.5258 

36.0 

758. 

119.0 

0.0 

82 

methyl  thiocyanate 

73.12 

1 

.0678 

25.0 

1.4669 

-5.1 

757. 

132.9 

0.0 

83 

SEC-dUTYt  amine  (D) 

73.14 

0 

.7240 

20.0 

1.3440 

-104.5 

0. 

63.0 

0.0 

84 

SEC-dUTYL  amine  (DL) 

73.14 

0 

.7271 

17.0 

1.3950 

-72.0 

772. 

67,0 

0.0 

85 

Note: 

Missing 

dato  is 

indicated  by 

O 

o 

or  0.0. 

(continued) 
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Appendix — Comparative  Data  for  Various  Solvents  939 


Name 

Mol. 

Wt. 

Density 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Diclec. 

Constant 

List 

No. 

N-0UTYLAM1N£ 

73. lA 

0.73A6 

25.0 

1.3987 

-a9,  1 

0. 

77. A 

A.88 

66 

SEC-bUTYLAMlN£ 

73. lA 

0.72A6 

20.0 

1.393A 

0.0 

0. 

62.5 

0.0 

87 

DIETrtYLAHiNE 

73.1a 

0.7070 

20.0 

1.385A 

-A9.8 

0. 

55.5 

3.58 

88 

isobutylahine 

73.  lA 

0.73A6 

20.0 

1.3972 

-8A.6 

0. 

67,7 

A. A3 

89 

tert-butylamine 

73. lA 

0.6908 

25.0 

1,3761 

-72.7 

0. 

AA.A 

0.0 

90 

oioaulane 

7a. 08 

1.0600 

20.0 

1.397A 

-95.0 

765. 

78.0 

0.0 

91 

ethyl  FOkMATE 

7**.  08 

0.9289 

15.0 

1.3625 

-79. A 

0. 

5A.  1 

7.16 

92 

hyoroay  acetone 

7A.O0 

1.082A 

20.0 

1.A295 

-17,0 

0. 

1A5.5 

0.0 

93 

3-HYUHOXYPROPYLENEOXIOE 

7A.08 

1.1110 

22.0 

1.A350 

0.0 

0. 

166,5 

0.0 

9A 

methyl  acetate 

7A.08 

0.93A2 

20.0 

1 .361A 

-98-1 

0. 

56,3 

6.68 

. 95 

propanoic  acid 

7A.08 

0.9880 

25,0 

1.38A3 

-20.7 

0. 

1A0.8 

3.AA 

96 

1-BUTANOl 

7 A.  12 

0.8097 

20.0 

1.3993 

-80.6 

0. 

117.7 

17.51 

97 

1-BUTANOl 

7A.12 

0.8060 

25.0 

1,3973 

-88,6 

0. 

117.7 

17,51 

96 

2-BUTANOl 

7A.12 

0.8026. 

25.0 

1.3950 

-11A.7 

0. 

99.6 

16,56 

99 

diethyl  cTHER 

7A  , 1 2 

0.7138 

20.0 

1.3526 

-116.2 

760. 

3A.5 

A.3A 

100 

ETHYL  ETntR 

7A.12 

0.7076 

25.0 

1.3A95 

-116.3 

0. 

3A.5 

A.3A 

101 

2-METhYL-I -PROPANOL 

7A.12 

0.7978 

?5.0 

1.3939 

-108,0 

0. 

107.7 

17.93 

102 

2-METHYL-2-PROPANOL 

7A.12 

0 * 7008 

25.0 

1,3878 

25.5 

0. 

82.2 

1.77 

103 

METHfL  PnuPYL  ETHER 

7A.12 

0.7380 

20.0 

1,3579 

0.0 

760. 

38.9 

0.0 

lOA 

TEHT  BUTYL  ALCOmOL 

7A.  12 

0.7007 

20.0 

1,3878 

25.5 

0. 

82.2 

1.77 

105 

1#2-PR0PAnEDIAMINE 

7A.13 

0.858A 

25.0 

1.AA92 

0.0 

760. 

120.5 

0.0 

106 

NITROETmANE 

75.07 

1 .0A<*6 

25.0 

1.3897 

-89.5 

0. 

llA.l 

28,06 

107 

l-AMlNO-2-PROPANOL 

75.11 

0.9730 

18.0 

1.A500 

-1.0 

750. 

160.0 

0.0 

108 

3-AMINO-2-PROPANOL 

75.11 

0.982A 

26,0 

1.A570 

1 1.0 

756, 

187.0 

0,0 

109 

2-METMOX YtTMANOL 

76.10 

0.9602 

25.0 

1.A002 

-85.1 

0. 

12A.6 

16,93 

110 

metmylal 

7b.  10 

0.8665 

15.0 

1.3563 

-105.2 

0. 

A2.3 

2,65 

111 

U2-PROPANEOIOL 

76.10 

1.0362 

20.0 

1.A329 

-60.0 

0. 

187,6 

32.00 

112 

1,3-PROPANEOIOL 

76.10 

1.0538 

. 20.0 

1.A396 

-26,7 

0. 

21A.A 

35.00 

113 

Carbon  oisulfioe 

7t),  lA 

1.2700 

15.0 

1.6319 

-111.6 

0. 

A6.2 

2.6A 

llA 

l-PROPANt  THIOL 

76.17 

0.8A11 

20.0 

1.A380 

-113.3 

760. 

67,5 

0.0 

115 

2-PHOPANt  THIOL 

76.17 

0.81A3 

20.0 

1.A255 

-130,5 

760, 

52.6 

0.0 

116 

3-CHLOROhHOPENE 

76.52 

0.9AA2 

15.0 

1.A181 

-13A.5 

0. 

A5.1 

8.2C 

117 

CIS-PROPLNYL  CHLORIDE 

76.53 

0.93A7 

20.0 

1.A055 

-13A.8 

760, 

32.8 

0.0 

118 

trans-propenyl  chloride 

76,53 

0.9350 

20.0 

1.A05A 

-99,0 

760, 

37, A 

0.0 

119 

benzene 

78.12 

0.8790 

20. 0 

i.SOll 

5.5 

0. 

80.1 

2.28 

120 

benzene 

78.12 

0.8737 

25,0 

1 .A979 

5,5 

0. 

80.1 

2.28 

121 

OIMEThYLSULFOxIOL 

78.13 

1.0958 

25.0 

1.A773 

18.5 

0, 

189.0 

A6.68 

122 

ETHANOL- I-TmIOL-2 

78.13 

1.  UA3 

0.0 

1.A996 

0.0 

13. 

55,0 

0.0 

123 

acetyl  chloride 

78.50 

1.1050 

20.0 

1.3898 

-112.0 

0. 

51.5 

15,00 

12A 

1-CHLORORROPANE 

78.5a 

0.8909 

20.0 

1.3879 

-122,8 

0. 

A6  • 6 

7.70 

125 

2-CHLOROrROPANE 

78. 5A 

0.8617 

20.0 

1,3777 

-117.2 

0. 

35,7 

9.02 

126 

2-CHLOROPROPAnE 

78. 5A 

0.8A91 

30.0 

1.3711 

-117.2 

0. 

35.7 

9.82 

127 

pyridine 

79.10 

0.9782 

25.0 

1.5075 

-A1.6 

0. 

115.3 

12. AO 

128 

PYRIOAZIHE 

80.09 

1.1035 

23.0 

1.5231 

-8.0 

0. 

208.0 

0.0 

129 

PyRIHIOInE 

80.09 

0.0 

0,0 

0.0 

22.0 

0. 

123.7 

0.0 

130 

2-CHLOROETmANOL 

80.52 

1.2019 

20.0 

1.AA38 

-67.5 

0. 

128.6 

25. 8C 

131 

1-METmYL  pyrrole 

81.11 

0-91A5 

15,0 

1 .A899 

0.0 

7Afl, 

llA.S 

0.0 

132 

1-methyl  imidazole 

82.10 

1.6325 

21.0 

1.A92A 

-6,0 

0, 

198.0 

0.0 

133 

CYCLOhEaENE 

82.15 

0.6061 

25.0 

1,AA36 

-103.5 

0. 

83.0 

2,2? 

13A 

l*5-nEXADIENE 

82.15 

0.6923 

0,0 

1 ,A0AA 

-lAl.O 

0. 

60.0 

0,0 

135 

N-ME-ALANiNE  NlTRlLE 

83.11 

0.8992 

20,0 

1.A312 

0.0 

22. 

82,0 

0.0 

136 

valeronitrile 

83.13 

0.7950 

25.0 

1.3951 

-96,2 

0. 

1A1.3 

19.71 

137 

cyclopentanone 

8**. 11 

0.9509 

0.0 

1.9366 

-51.3 

0. 

130.7 

0.0 

138 

Thiophene 

8A.  lA 

1.06<*9 

20.0 

1.5289 

-38.2 

0. 

8A.2 

2.71 

139 

cyclohexane 

8A.  16 

0.7766 

20.0 

1.A262 

6.6 

0. 

80.7 

2.02 

lAO 

cyclohexane 

BA.  16 

0.7739 

25.0 

1.A235 

6.6 

0. 

80,7 

2.02 

lAl 

1-hEXENE 

BA.  16 

0*6685 

25.0 

1.3850 

-139.8 

0. 

63.5 

2.05 

1A2 

methyl  cyclopentane 

3A.16 

0.7A89 

20.0 

1.A096 

-1A2.A 

0. 

72.1 

1.98 

1A3 

DIChlOROMETHANE 

8A.93 

1. J1A8 

25.0 

1.A211 

-95,1 

0. 

39.8 

8.93 

lAA 

acetone  cyanohydrin 

85.11 

0.9320 

19,0 

1.3996 

-190,0 

0. 

82.0 

0.0 

1A5 

2-PYRROlIQINONE 

85.11 

1 .1070 

25. 0 

1.AB60 

25.0 

0. 

2A5.0 

0.0 

1A6 

piperidine 

85.15 

0.6616 

20.0 

1.A525 

-10,5 

0. 

106. A 

5.60 

1A7 

ALLYL  formate 

86.09 

0.9A98 

18.0 

1.3980 

0.0 

0. 

83.0 

0.0 

1A8 

CIS-2-BoTENOIC  AClO 

86.09 

1.0267 

20.0 

1.6A83 

15.5 

760. 

169,3 

0.0 

1A9 

BUTYROLACTONE 

86.09 

1.125A 

25,0 

1.A3A8 

-A3. 5 

760. 

20A.G 

39,00 

150 

METHACRYLIC  acid 

86.09 

1.0153 

20.0 

1.A31A 

15.0 

760. 

160.5 

0.0 

151 

methyl  acrylate 

8b.  09 

0.95A7 

IB.O 

1.A117 

-75,0 

0. 

80.2 

0.0 

152 

vinyl  acetate 

86.09 

0.9312 

20.0 

1.3959 

-92.8 

0. 

72.5 

0.0 

153 

ALLYL  EThYL  ETHER 

86.13 

0.7597 

25.0 

1.3861 

6*».0 

0. 

0.0 

0.0 

1 5a 

2-PENTANUNE 

B6.13 

C.B12A 

IS.O 

1.3895 

-77,0 

0. 

1 02.  u 

0.0 

155 

3-PEnTANONE 

86.13 

0.B095 

25,0 

1,3900 

-39.0 

0. 

102.0 

17.00 

156 

l-PENTENt-3-OL 

86.13 

0.8395 

22.0 

1.A183 

0.0 

0. 

115.0 

0.0 

157 

TETRAHYUKOPYRAN 

86.13 

3.8772 

2S.0 

1.A195 

-A5.0 

0, 

88  • 0 

5.61 

158 

TRI-ME  ACETALDtHYDE 

86.13 

0.7927 

17.0 

1.3791 

6.0 

0. 

75.0 

0.0 

159 

valeraldlhyde 

86.13 

0.8095 

20.0 

1.39AA 

-91.5 

0. 

102.5 

10.00 

160 

2,2-OIMEThYL  butane 

86.17 

0.6A92 

0.0 

1.3687 

-99.9 

0. 

A9.7 

0.0 

161 

2.3-OIMETHYL  butane 

86.17 

0*6616 

0.0 

1.37A9 

-128.5 

0. 

57.9 

0.0 

162 

HEXANE 

86.17 

0.6SA8 

25.0 

1.3723 

-95.3 

0. 

68.7 

1.89 

163 

hexane 

86.17 

0.659A 

0.0 

1.37A9 

-95.3 

0. 

68,7 

1.89 

16A 

2-METhYL  pentane 

86.17 

0.6532 

0.0 

1.371A 

-153.7 

0. 

60.3 

0.0 

165 

3-methyl  pentane 

86,17 

0.66A3 

0.0 

1.3765 

0.0 

0. 

63.3 

0.0 

166 

n.n-uimeacetamide 

87.12 

0.9366 

25.0 

1.A356 

-20.0 

0. 

166.1 

37,78 

167 

N-ME  PROPiONAMlOE 

67.12 

0.9305 

25.0 

1.A3A5 

-30.9 

0. 

1A8.0 

172.20 

168 

morpholine 

87.12 

1.0050 

25,0 

1.A573 

-3.1 

0. 

128,9 

7.A2 

169 

ethyl  iso thiocyanate 

87. lA 

0.9990 

20.0 

1.5130 

-5.9 

760. 

131.5 

0.0 

170 

Note:  Missing  data  is  Indicated  by  0,  0.,  or  0.0, 
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Name 

Mot. 

Density 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Dielec. 

Constant 

List 

No. 

1-AMlNOPtNTANE 

67.17 

C.7547 

20.0 

1.4118 

-5S.0 

760. 

104.4 

0.0 

171 

ETHYLENE  CARBONATE 

8d . 06 

1.3208 

25.0 

1.4250 

36.4 

n. 

238.0 

89,60 

172 

PYRROLiNt 

B8.06 

1.2272 

C.O 

1.4138 

13.6 

0. 

ns.o 

0.0 

173 

pyRuvic  acid 

88.06 

1.2272 

20.0 

1.4260 

13.6 

760. 

165.0 

0.0 

174 

aldol 

88.10 

1.1030 

20.0 

1.4497 

0.0 

12. 

79.0 

0.0 

175 

ClS-^-BurtNE-lA-UIOL 

88,11 

1.0740 

20.0 

1.4793 

11.0 

0. 

235.0 

0.0 

1 76 

YRN-a-BUl tNE-lA-DlOL 

86.11 

1.0685 

20.0 

1.4779 

27.3 

0. 

132.0 

0.0 

177 

BUTYRIC  ttClU 

88.  1 1 

0.9532 

25,0 

1.3958 

-5.2 

0. 

163.3 

2.97 

170 

1.3-OIOAAfgE 

88.1 1 

1.3042 

20.0 

1.4165 

-42.0 

755. 

105,0 

0.0 

179 

P-DIOXANc 

88.1 1 

1.0280 

25,0 

1.4203 

11.0 

0. 

101.3 

2.21 

180 

ETHYL  acetate 

88.11 

0.9006 

20.0 

1.3724 

-83.9 

0. 

77.1 

6,02 

181 

ethyl  acetate 

88.1 1 

0.8946 

25,0 

1.3698 

-83.9 

0. 

77.1 

6.02 

162 

ISOBUTYRlC  ACID 

88.11 

0.9682 

20.0 

1.3930 

-46.1 

0. 

154.7 

2.73 

183 

methylprupionate 

88.1  1 

0.9151 

20.0 

1,3779 

-87.5 

0. 

78.7 

5.50 

184 

propyl  FwRMATE 

08.1  1 

0.9111 

is.o 

1.3790 

-92.9 

0. 

80.8 

7.72 

185 

VALERONITRIlE 

88.13 

0.8034 

15.0 

1.3991 

-96.2 

0. 

141.3 

19,71 

186 

ETHYL-N-PROPYL  ether 

88.15 

0.7330 

0.0 

1,3695 

-79.0 

0. 

63.6 

0.0 

187 

a-METHYL-1 -BUTANOL 

88.15 

C.8152 

*25,0 

1.4087 

-70.0 

760. 

128.7 

14,70 

IBS 

3-METhYL- 1-BUTANol 

88.15 

0.8071 

25.0 

1.4052 

-117.2 

60. 

130.5 

14.70 

189 

2-METHYL-a-BUTANOL 

88.15 

0.8050 

25.0 

1.4024 

-8.8 

0. 

102.0 

5.82 

190 

3-METHYL-2-8UTANOL 

86.15 

0.8138 

25.0 

1.4075 

0.0 

0. 

111.5 

0.0 

191 

methyl-n-butyl  ether 

88.15 

0.7443 

0.0 

1.3736 

-115.5 

0. 

71.0 

0.0 

192 

1-pentanol 

08.15 

0.8115 

25.0 

1.4079 

-76.2 

0. 

137,8 

13.90 

193 

2-pentanul 

88.15 

0.8054 

25.0 

1.4044 

0.0 

0. 

119.0 

13.82 

194 

3-PENTANvJL 

08.15 

0.8160 

25.0 

1.4079 

0.0 

0. 

115,3 

13.02 

195 

tetrahyorothiophene 

88.17 

0.9938 

25.0 

1.5257 

-96.2 

0. 

120.9 

0.0 

196 

1-NlTROPROPANE 

09.10 

1.9961 

25.0 

1.3996 

-104.0 

0. 

131.2 

23.24 

197 

2-NITROPROPANE 

89.10 

0.9829 

25.0 

1,3924 

-91.3 

0. 

120.3 

25.52 

198 

2-AMINO-1-0UTaNOL 

89.  14 

0.9162 

20.0 

1.4489 

-2.0 

0. 

178,0 

0.0 

199 

3-AMlNO-a-BUTANOL 

89.  14 

0.9299 

25.0 

1.4502 

19.0 

745. 

159,5 

0.0 

200 

dimethyl  ethanolamine 

89.14 

0.8866 

20.0 

1.4300 

0.0 

760. 

134,0 

0.0 

201 

2-ETHYLAHI noethanol 

89.  14 

0.9140 

20.0 

1.4440 

-9,0 

760. 

169.5 

0.0 

202 

3-CHLOROPROPIONITRlLE 

89.53 

1.1375 

0.0 

1.4380 

0.0 

0. 

58,  r 

0.0 

203 

dimethyl  Carbonate 

90.08 

1.0694 

20.0 

1.3687 

3.0 

0. 

90,5 

0.0 

204 

Lactic  acid  dl 

90.08 

1.2060 

25.0 

1.4392 

18.0 

12. 

119,0 

0.0 

205 

METHOaYACETIC  acid 

90.08 

1.1768 

20.0 

1.4168 

0.0 

760. 

213.0 

0.0 

206 

METHYL  GLYCOLATE 

90.08 

1.1677 

18.0 

0.0 

0.0 

760. 

151.1 

0.0 

20  7 

1.2-BUTAnEDIOL 

90.12 

1.0059 

20.0 

1.4375 

0.0 

0. 

193.0 

0. 0 

208 

l.3-flUTA\EDI0L 

90.12 

1.0053 

20.0 

1.4410 

77,0 

0. 

207,5 

0.0 

209 

U4-BUTANLDIOL 

90.12 

1.0171 

20.0 

1.4460 

20.1 

0. 

235.0 

0.0 

210 

2.3-BUTANEDIOl 

90.12 

0.9072 

20.0 

1.4306 

34.0 

760. 

181.0 

0.0 

211 

1,2-OIMETriOAYETHANE 

90.12 

0.0629 

20.0 

1.3796 

-58.0 

760. 

83.5 

0.0 

212 

2-ETHOAYETHANOL 

90.12 

0.9252 

25.0 

1,4057 

-90.0 

0. 

1 35.6 

29.60 

213 

I-METhOAYPROPANOL-2 

90.12 

0.9620 

20.0 

1.4070 

0.0 

0. 

118.3 

0.0 

214 

I-METhOAYPROPANOL-2 

90.12 

0.9620 

20.0 

1.4070 

0.0 

0. 

118.3 

0.0 

215 

I-BUTaNETHIOL 

90.19 

0.8416 

20.0 

1.4429 

-1  IS. 7 

0. 

98.4 

5.07 

216 

ethyl  sulfide 

90.19 

0.831? 

25.0 

1.4402 

-103,9 

0. 

92.  1 

5.72 

217 

CiS-l-CL-l-BUTENE 

90.55 

0.9153 

15,0 

1.4194 

0-0 

760. 

63.5 

0.0 

218 

TRANS- l-CL-l-HUTtNE 

90.55 

0.9205 

IS.O 

1,4225 

0.0 

760. 

68.0 

0.0 

219 

2-CHLORO-l-BUTENt 

90.55 

0.9107 

15.0 

1.4115 

0.0 

760. 

58.7 

0.0 

220 

3-CHLORO-l-BUTENE 

90.55 

0.8978 

20.0 

1.4149 

0.0 

766. 

64.5 

0.0 

221 

4-CHLORO-l-BUTENt 

90.55 

0.9211 

20.0 

1.4233 

0.0 

773. 

75.0 

0.0 

222 

CIS-l-CL-a-BUTENE 

90.55 

0.9426 

20.0 

1.4390 

0.0 

758. 

84.1 

0.0 

223 

TRANS- l-CL-2-BUTtNE 

90.55 

0.9295 

20.0 

1.4350 

0.0 

752. 

84. H 

0.0 

224 

CIS-2-CL-c-BUTENE 

90.55 

0.9239 

20.0 

1,4240 

-117.3 

760. 

70.6 

0.0 

225 

TRANS-2-CL-2-BUTENE 

90.55 

0.9138 

20.0 

1.4190 

-IOS.6 

760. 

628.0 

0.0 

226 

1-CL-2-ME-PR0PENE-1 

90.55 

0.9250 

16.0 

1.4221 

0.0 

775. 

68.0 

0.0 

227 

3-CL-2-ML-PROPENE- 1 

90.55 

0.9250 

20.0 

1.4270 

0.0 

0. 

72,0 

0.0 

228 

2-NITROETHANOL-I 

91.07 

1.2700 

15.0 

1.4438 

-80,0 

765, 

194. C 

0.0 

229 

1*2. j-propanetriul 

92. IC 

1.2613 

20.0 

1.4746 

18.2 

0. 

290.0 

42.50 

230 

TOLUENE 

92.14 

0.8669 

20.0 

1,4969 

-94,9 

0. 

110.6 

2.38 

231 

TOLUENE 

92.14 

0.8623 

25.0 

1.4941 

-94.9 

0. 

1 lO.b 

2,38 

232 

chloroacetone 

92.53 

1.1500 

20.0 

0.0 

-44.5 

0. 

119.0 

0.0 

233 

epichlorohydrin 

92.53 

1.1807 

20.0 

1.4380 

-57.2 

0. 

116.  1 

22.60 

234 

TERT-BUTTL  chloride 

92.57 

0-8420 

20.0 

1.3857 

-25.4 

760. 

52.0 

0.0 

235 

1-CMLORO0UTANE 

92.57 

0.8862 

20.0 

1.4021 

-123.1 

0. 

78,4 

7.39 

236 

2-CHLOROBUTANE 

92.57 

0.0732 

20.0 

1.3971 

-140.5 

0. 

66.3 

7.09 

237 

I-CL-2-METHYLPROPANE 

92.57 

0.0773 

20.0 

1.3980 

-130.3 

0. 

68.6 

6.49 

23B 

2-CL-2-METMYLPR0PANE 

92.57 

0.8420 

20.0 

1.3857 

-25. 4 

0. 

50.7 

9.96 

239 

aniline 

93.13 

1.0217 

20,0 

1.5863 

-6.0 

0. 

184.4 

6.89 

240 

2-METHYLPYRIOINE 

93.13 

0.9497 

15.0 

1.5029 

0.0 

0. 

126.8 

9.80 

241 

3-METHYLPYRlDINE 

93.13 

0.9613 

15.0 

1.5C43 

0.0 

0. 

143.5 

9.80 

242 

GLUTARONITRILE 

94.12 

0.9911 

15.0 

1.4295 

-29,0 

0. 

286.0 

0.0 

243 

phenol 

94.12 

1.0576 

41.0 

1.5428 

40.9 

0. 

181.8 

9.78 

244 

1»2-DIMYUk0T0LUENE 

94.16 

0.8354 

0.0 

1,4763 

0.0 

0. 

1 lO.O 

0.0 

245 

I-CHLORO-2-PROPANOL 

94,54 

1.1100 

20.0 

1.4392 

0.0 

762. 

126.5 

0.0 

246 

3-CHLORO- l-PROPANOL 

94.54 

1.  1309 

0.0 

1.4450 

0.0 

0. 

161.5 

0.0 

247 

PYRROLE-2-CARBOX ALDEHYDE 

95.10 

0.0 

16.0 

1.5939 

46.5 

0. 

218.0 

0.0 

246 

2.5-UIME-PYRROLE 

95,14 

0.9353 

20.0 

1.5025 

0.0 

765. 

171.0 

0,0 

249 

1-ethyl-pyrrolE 

95.15 

0.9009 

20.0 

1.4841 

0.0 

0. 

164.0 

0.0 

250 

1,4-PyRONE 

96.08 

1.1900 

0.0 

1.5238 

32.5 

742. 

216.0 

0.0 

251 

2-ruWALOEHYOE 

96.09 

1.1598 

20.0 

1.5261 

-36.5 

0. 

161.8 

3B.O0 

252 

fluorobenzene 

96.10 

1.0309 

IS.O 

1.4664 

-42.2 

0. 

84.7 

0.0 

253 

2*5-DIMETHYL  FURAN 

96.14 

0.8883 

20.0 

1.4363 

-62.8 

760. 

93.5 

0.0 

254 

2,4-hePTADIENE 

96.17 

0.7384 

0.0 

1.4578 

0.0 

0. 

108.0 

0.0 

255 

Note:  Missing  data  is  indicated  b/  0,  0.,  ar  0.0 
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Name 

Mo]. 

Wt. 

Density 

Temp. 

Reh-act. 

Index 

Melting 

Point 

Dielec. 

Constant 

List 

No. 

1-ME^^TYNt 

96.17 

0.7338 

20.0 

1.4084 

-01.0 

760. 

100.0 

0.0 

256 

1 • 1-uICHlOROETMYLENE 

96.94 

1.2132 

20.0 

1.4247 

-122.6 

0. 

31.6 

4.60 

257 

CIS-1 .e-OICLETMYLENE 

96.94 

1.2037 

20.0 

1 .4490 

-00.0 

0. 

60.6 

9.20 

258 

TPANSl  *2L)lCLETMyLENE 

96.94 

1.2547 

20.0 

1.4462 

-49.0 

0 * 

47.7 

2.14 

259 

CAPRONiTrtiLE 

97.16 

0*6052 

20.0 

1.4069 

-00.3 

0. 

163,6 

17,26 

260 

4-mEVALEkOMTRIlE 

97.16 

0.7993 

25.0 

1.4040 

-51.1 

0. 

154,  p 

15.50 

261 

FURFURYL  ALCOriOL 

9b. 10 

1.1238 

30.0 

1.4001 

-29.0 

0. 

170.  D 

0*0 

262 

2-METmOXY  FURAN 

9b.  10 

1.0646 

25.0 

1.4466 

0.0 

0. 

110.5 

0.0 

263 

PROPAHGYL  ACETATE 

96. 1C 

0.9962 

20.0 

1.4167 

0.0 

0. 

121.5 

0.0 

264 

phopasgyl  acetate 

9b. 1C 

0.9932 

20.0 

1.4107 

0.0 

0. 

121.5 

0.0 

265 

3*4-0IMETriYL  FURAZAN 

9b.  11 

1.0520 

14.0 

1.4237 

-7,0 

744, 

156.0 

0.0 

266 

allyl  acetone 

96.14 

0.6470 

0.0 

1.4917 

0.0 

0. 

128.0 

0.0 

267 

AlLYL  ETritR 

96.15 

0*6006 

25.0 

1.4141 

0.0 

0. 

0.0 

u.o 

260 

cyclohexanone 

96,15 

C.9510 

25.0 

1.4520 

-32.1 

0. 

155,6 

18. 3C 

269 

mesityl  OXIOE 

96.15 

0.8653 

20.0 

1.44^0 

-52,9 

760. 

129,0 

C.O 

270 

2-METHYLTHIOPHENE 

96.17 

1.0193 

20.0 

1.5203 

-63.4 

760. 

112,6 

0.0 

271 

3-METHYLThIOPHENE 

96.17 

1.0218 

20.0 

1.5204 

-69.0 

760. 

115.4 

0.0 

272 

methyl  cyclohexane 

90.18 

0.7694 

0.0 

1.4231 

-126,6 

0. 

98.2 

0.0 

273 

l-HEPTENt 

96,  19 

C.6970 

20,0 

1.3990 

-116,9 

760. 

93,6 

2.07 

274 

1.  1-UIChlOROETHANE 

96.96 

1.1680 

25,0 

1.4138 

-97,0 

0. 

57.3 

10.10 

275 

1.2-DICHlUROETHANE 

98.96 

1.2450 

25.0 

1.4421 

-35.7 

0. 

83.5 

10.36 

276 

METHYLCYANOACETATE 

99.09 

1.1225 

25.0 

1.4166 

-13.1 

0. 

205.  1 

29,30 

277 

l-ME-2-PrWHOLlDINONE 

99.13 

1.0279 

25.0 

1.4600 

-20.4 

760. 

2C2.0 

32. or 

270 

i-me-2-pykolidone 

99.13 

1.0279 

25,0 

1.4660 

-20.4 

10. 

79.0 

32.00 

279 

allyl ISO  THIOCYANATE 

99.16 

1.0126 

20.0 

1.5306 

-8  0.0 

760. 

152,0 

17,20 

2b0 

N-METHYL  PIPERIOINE 

99.  17 

0.6159 

0.0 

1.4355 

0.0 

0. 

107.0 

0.0 

201 

cyclohexylamine 

99.10 

0.8671 

20.0 

1.4592 

-17.7 

0. 

134. b 

4,73 

282 

2*4-UIME-PYWROLIOlN£ 

99.  10 

0.6297 

20.0 

1.^325 

0-0 

753. 

116.0 

0,0 

203 

allyl  acetate 

100.12 

0.9280 

20.0 

1.4040 

0-0 

0. 

104. 0 

0.0 

204 

ethyl  achylate 

100.12 

0.9234 

20.0 

1.4068 

-71.2 

0. 

99,5 

0.0 

285 

methylmethacrylate 

100.12 

0.9433 

20.0 

1.4146 

-40,2 

0. 

100.3 

2.90 

286 

2,3  PENTANEDIONE 

100.12 

0.9565 

19,0 

1.4014 

0.0 

0. 

100.0 

0.0 

207 

2, A PENTANEDIONE 

100.12 

0.9721 

25.0 

1.4541 

-23.0 

734, 

139,0 

0.0 

208 

GAMMA-VAlEHOLACTONE 

100.12 

1.U520 

25,0 

1.4320 

-37.0 

0. 

206.0 

0.0 

289 

CYCLOHUT-CARBOXYLIC  acid 

100.13 

1.0599 

20.0 

1.4400 

-2.0 

754, 

190,0 

0.0 

290 

BUTYLVINYL  ETmER 

100.16 

0.7727 

25,0 

1.3997 

-92.0 

0. 

93,8 

0.0 

291 

CYCLOhEXANOL 

100.16 

0.9664 

25,0 

1.4646 

25.1 

0. 

161.1 

15,00 

292 

2-HEX AN0^E 

100.16 

0.8116 

0.0 

1.4015 

-57.0 

0. 

126.0 

0,0 

293 

METHYL-T-HUTYL  ketone 

100.16 

0.6016 

0.0 

1.3952 

-52.5 

0. 

106.0 

0.0 

294 

3-ME-2-PENTANONE 

100.16 

0.6161 

14,0 

1.400? 

0.0 

0. 

lib.o 

u.o 

295 

A-METmYL-2-PENTaNONE 

100.16 

0.6008 

20,0 

1,3957 

-84,0 

0. 

116,5 

13.1  1 

296 

heptane 

100.19 

0*b836 

20.0 

1.3876 

-90.6 

0 • 

90.4 

0.0 

297 

heptane 

100.19 

0.6795 

25.0 

1.3051 

-90.6 

0. 

90, 

U.O 

290 

2-methyl  hexane 

100. 19 

0*6744 

25.0 

1.3048 

-1  lb. 3 

0. 

90.1 

0.0 

299 

3-METmYL  hexane 

100.19 

0.6829 

25.0 

1.3086 

-119,4 

0. 

91,9 

0.0 

300 

2,3-DIMETrtYL  pentane 

100.21 

0.6909 

25.0 

1.3920 

0.0 

0. 

89,0 

0.0 

301 

2,4-DIMEThyL  pentane 

100.21 

0.6603 

25.0 

1.3814 

-119.2 

0. 

00.5 

0.0 

302 

3,3-OIMEIhyl  pentane 

100.21 

0.6933 

0.0 

1.3909 

-135.0 

0. 

86.  1 

0.0 

303 

2,2*3-TRIMETHYL0UTANE 

100.21 

0-6901 

20.0 

1.3894 

-25.0 

0. 

80.9 

0.0 

304 

N-METHYLMORPHOLINE 

101.15 

0.9051 

20.0 

1.4332 

0.0 

750. 

115.0 

0.0 

305 

Dl  ISOPROhYLAMINE 

101.19 

0.7153 

20.0 

1.3924 

-96.3 

0. 

83.9 

0,0 

306 

dipropylamine 

101 . 19 

0.7375 

20.0 

1.4043 

-63.0 

0. 

109.2 

3.07 

307 

TRIETHYLAHINE 

101.19 

0.7230 

25.0 

1.3980 

-114.7 

0. 

09.5 

2.42 

308 

ACETIC  anhydride 

102.09 

1.0871 

15.0 

1.3930 

-7  ».  1 

0. 

140.0 

20.70 

309 

a-methyl  oioxolane 

102.09 

1.2069 

20.0 

1.4189 

-46.8 

760. 

242.0 

0.0 

310 

butyl  formate 

102.13 

0.6917 

20.0 

1.3890 

-90.0 

0. 

106.6 

2.43 

311 

ethyl  propionate 

102.13 

0.6957 

15.0 

1.3864 

-73.9 

0. 

99,  1 

5.65 

312 

ethyl  propionate 

102. 13 

0.6899 

20.0 

1.3839 

-73.9 

0. 

99,1 

5.65 

313 

isobutyl  formate 

102.13 

0.6853 

20.0 

1.3055 

-9<*.5 

0. 

98,4 

6.i*l 

314 

isopropyl  acetate 

102.13 

0.6717 

20.0 

1.3773 

-73.4 

0. 

00.2 

0.0 

315 

isovaleric  acid 

102.13 

0.9300 

15.0 

1.4064 

-29,3 

0. 

176.5 

2.64 

316 

METHYL-N-BUTYRATE 

102.13 

0.6984 

20.0 

1.3870 

-95.0 

0. 

102.6 

5.60 

317 

A-ME-l*3-OIOXANE 

102.13 

0.9953 

20.0 

1.4168 

0.0 

0. 

114.0 

0.0 

310 

PROPYL  acetate 

102.13 

0.6938 

15.0 

1.3066 

-92.5 

0. 

101.5 

6.0C 

319 

tetra  H FURFURYL  alc 

102.13 

1.0420 

25.0 

1.4599 

0.0 

0. 

170.0 

13.61 

320 

valeric  ACID 

102.13 

0.9345 

35.0 

1.4060 

33.7 

0. 

105.5 

2.66 

321 

butyl  ethyl  ether 

102. 18 

0.7448 

25.0 

1.3793 

-103.0 

0. 

92.2 

0.0 

322 

2-ethyl- 1-butanol 

102.10 

0.6295 

25.0 

1.4205 

-114.4 

0. 

146.5 

6.09 

323 

1-HEXANOL 

102.10 

0.8159 

25.0 

1.4161 

-44.6 

0. 

157, C 

13. 3C 

324 

isopropyl  ether 

102.10 

0.7182 

25.0 

1,3655 

-85.5 

0. 

60.3 

3.88 

325 

2-METHYL-2-PENTANOL 

102.10 

0.6350 

16.0 

1.4125 

10b. 0 

0. 

121.5 

0,0 

326 

3-METHYL-2-PENTANOL 

102.18 

0.6235 

25.0 

1.4179 

0.0 

0. 

134.3 

0.0 

327 

a-methyl-2-pentanol 

102.18 

0.8075 

20.0 

1.4100 

-90.0 

760. 

133.5 

0.0 

320 

3-METHYL-3-PENTANOL 

102.18 

0.8237 

20.0 

1.4180 

-38.0 

0. 

121.0 

0.0 

329 

PROPYL  tlHER 

102.18 

0.7419 

25.0 

1.3700 

-123.2 

0. 

89.6 

3.39 

330 

BENZONITRILE 

103.12 

1.0006 

25.0 

1.5259 

-12.8 

0. 

191.1 

25.20 

331 

METHYL  Urethane 

103.12 

1.0350 

15.0 

1.4200 

0.0 

760. 

170.0 

0.0 

332 

1-NlTROBUTANE 

103.12 

0.9080 

0.0 

1.4103 

0.0 

0. 

153.0 

0.0 

333 

diethylenetriamine 

103,17 

0.9566 

20.0 

1.4810 

-39,0 

760, 

207.0 

0.0 

334 

METHYL  LACTATE 

104.12 

1.0857 

26.0 

1.4131 

-66.0 

760. 

144.8 

0*0 

335 

STYRENE 

104.14 

0.9012 

25.0 

1.5440 

-30.6 

0. 

145,2 

2.43 

336 

diethoxyhethane 

104.15 

0.6319 

20.0 

1.3748 

-665.0 

0. 

08.0 

0*0 

337 

N-PROPYL  nitrate 

105.09 

1.0580 

0.0 

1.3976 

0.0 

0. 

110.5 

0*0 

338 

DIETHANOuAMINE 

105.14 

1.0899 

30.0 

1.4747 

28.0 

0. 

268.4 

2*81 

339 

benzaloehyde 

106.12 

1.0447 

?0.0 

1.5455 

-26.0 

0. 

178.9 

17.80 

340 

Note:  Missing  data  is  indicated  by  0^  0.,  or  0.0. 
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Name 

Mol. 

Wt. 

Density 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Dieiec. 

Constant 

List 

No. 

DIETHYLENE  glycol 

106,  12 

1.1169 

20.0 

1,4475 

-10,5 

0. 

244.8 

31.69 

34  1 

METHUXYMlTHOXYETHANOL 

106.12 

1.0385 

25.0 

1.4100 

-70.0 

0. 

167.5 

0*0 

342 

ethyl  benzene 

106.17 

0.6626 

25.0 

1,4932 

-9-. 9 

0. 

136.2 

2.40 

34  3 

0-XYLENE 

106.17 

0.6759 

25.0 

1.5029 

-25.2 

0. 

144. «» 

2,57 

344 

M-XYLENE 

106.17 

0.8599 

25.0 

1.4946 

-47,8 

0. 

139.1 

2,37 

345 

P-XYLENE 

106.17 

0.8611 

20.0 

1.4958 

13.3 

0. 

138.3 

2.27 

346 

P-XYLENf 

106.17 

0.6567 

25,0 

1 .4933 

13.3 

0. 

138.3 

2,27 

347 

BENZYLAMINE 

107.15 

0.9813 

20.0 

1.5402 

10.0 

770. 

185.0 

0.0 

348 

i».4-OIMETHYL  PYHIOINE 

107.15 

0.9271 

25.0 

1.4984 

0.0 

0. 

159,2 

0.0 

349 

2 *5-0 1 ME  Pyridine 

107.15 

0.9261 

25.0 

1.4982 

-15.0 

0. 

156. H 

0.0 

350 

2*6-JlME  pyridine 

107.15 

0.9200 

25.0 

1,4953 

-5,0 

0. 

143. C 

0.0 

351 

3,5-OIME  PYRIDINE 

107.15 

0.9385 

25.0 

1.5032 

0.0 

0. 

171.6 

0.0 

352 

3.4-UIME  PYRIDINE 

107.15 

0.9537 

25.0 

1,5099 

-12,0 

759, 

178,8 

0.0 

353 

methyl  AMLINE 

107.15 

0.9891 

0.0 

1.5702 

-57.0 

0. 

196.3 

5.97 

354 

O-TOLUIDINE 

107.16 

0.9989 

20.0 

1.5725 

-16.1 

0. 

200. 

6.34 

355 

M-TOLUIOINE 

107.16 

0.9930 

15.0 

1.5704 

-30.4 

0. 

203.4 

5.95 

356 

P-TOlUIOINE 

107.16 

0.9659 

45.0 

1.5540 

43.6 

0. 

200.6 

4.98 

357 

AOIPONITRILE 

lOB.  14 

0.9510 

19.0 

1,4597 

2.0 

0. 

180.0 

0.0 

358 

ANISOLE 

lOa.  14 

0-9893 

25.0 

1.5143 

-37.5 

0. 

153.8 

4.33 

359 

benzyl  alcohol 

ioa.14 

1.0959 

20.0 

1.5403 

-15.3 

0. 

205. «♦ 

13.10 

360 

benzyl  Alcohol 

loa.  14 

1.0913 

25.0 

1.5384 

-15.3 

0. 

205,4 

13.10 

361 

O-CRtSOL 

lOB.  14 

1.1350 

25.0 

1.5442 

30.9 

0. 

191.0 

11.50 

362 

m-cresol 

ioa.i4 

1.0302 

25.0 

1.5396 

12,2 

0. 

202.2 

1 1 .80 

363 

P-CRESOL 

ioa.14 

1.0178 

41.0 

1.5311 

34,7 

0. 

201,9 

9.91 

364 

I. 3-PROP ANEOITHIOL 

106.23 

1.0783 

20.0 

1.5403 

-79.0 

0. 

172.9 

0.0 

365 

Ethyl  chlohoformate 

ioa.53 

1.3577 

20.0 

1.3955 

-80.6 

760. 

95.0 

0.0 

366 

methyl  chloroacetate 

106.53 

1.2337 

20.0 

1.4218 

-32.1 

760. 

129,8 

0.0 

367 

BROMOETHANE 

106.97 

1.9708 

15.0 

1.4276 

-118,6 

0. 

38.4 

9.39 

368 

o-flooro toluene 

110.13 

1.0027 

15,0 

1.4716 

-62.0 

0. 

114,4 

A. 22 

369 

M-FLUOROTULUENE 

110.13 

0.9979 

20.0 

1.4691 

-67.7 

760. 

116.5 

0.0 

370 

p-Fluorotgluene 

1 10.13 

0.9975 

23.0 

1,4688 

-56.8 

760. 

116.6 

5.86 

371 

BENZtNETHlOL 

110.16 

1.0727 

25.0 

1.5872 

-14.9 

0. 

169,1 

4.38 

372 

THIO-PHENOL 

110.18 

1.0726 

25.0 

1.5879 

70.5 

0. 

169,5 

0.0 

373 

2,3-OICHLOROPROPENE 

110.98 

1.2090 

25,0 

1.4600 

0.0 

0. 

94.0 

0.0 

374 

ACETAZINE 

1 12.17 

0.8422 

20.0 

1.4535 

-125.0 

0. 

133,0 

0.0 

375 

7-HETriYLCYCLOHTXANONE 

112.17 

0.9240 

20.0 

1.4493 

0.0 

757. 

1 65.0 

0.0 

‘ 376 

thioxene 

112.19 

0.9956 

0.0 

1.5130 

0.0 

0. 

137, R 

0,0 

377 

p-oimethylcyclohexane 

112.21 

0.7827 

0.0 

1.4253 

-8T.0 

0. 

1?4,6 

0.0 

378 

ethyl  cyclohexane 

112.21 

0.7839 

25.0 

1.4330 

-111.3 

0. 

131.8 

0.0 

379 

OCTENE-1 

112.21 

0. 7149 

20. 0 

1.4087 

-101.7 

0. 

121.3 

0.0 

380 

Dl- ISO-BUT YLEnE 

112.22 

0.7122 

25.0 

1.4090 

0.0 

0. 

lOl  .0 

0.0 

381 

Chlorobenzene 

1 12.56 

1.1117 

15.0 

1.5275 

—45.6 

0. 

131.7 

5,62 

382 

1 •2-OICHLUROPROPANE 

112.99 

1.1560 

20.0 

1 .4394 

-100.4 

760. 

96,4 

0.0 

: 383 

1 . 3-0 I chloropropanE 

1 12.99 

1.1878 

20.0 

1.4487 

-99.5 

760. 

120.4 

0.0 

384 

2*2-0 I CHLOROPROPANE 

112.99 

1.1120 

20.0 

1.4148 

-33.8 

760. 

69,3 

0.0 

> 385 

i.i-oichloropropane 

1 12.99 

1.1321 

20.0 

1.4289 

6.0 

760. 

88,1 

0.0 

^ 386 

ethyl  cyanoacetate 

113.12 

1.0614 

20.0 

1.4155 

-22.5 

0. 

206. t 

26.70 

! 387 

ChlOROACLTyL  CHLORIDE 

113.94 

1.4202 

20.0 

1.4541 

0.0 

760. 

107. 0 

0.0 

: 388 

TRIFLUOROACETIC  ACID 

119.02 

1.4890 

20.0 

1.2850 

-15.3 

0. 

71.8 

6.55 

389 

ALLYL  propionate 

119.14 

0.9037 

25.0 

l.AllO 

0.0 

0. 

1?9.Q  , 

0.0 

! 390 

2.S-HEXANE0I0NE 

119.14 

6.7370 

6.0 

i .4232 

-5.5 

754. 

194,0 

0.0 

! 391 

2*A-OIME“3-P£NTANONE 

119.18 

0.8062 

20.0 

1.4001 

0.0 

0. 

124,0 

0.0 

! 392 

2-HEPTANONE 

119.18 

0.8111 

20.0 

1.4116 

-35,0 

0. 

151.0 

0.0 

393 

3-HEPTANOnE 

119.18 

0.8183 

20.0 

0,0 

39.0 

0. 

50.0 

0.0 

j 394 

4-HEPTANONE 

119.18 

g.di74 

20.0 

1.4073 

-33.0 

0.. 

164,0 , 

0.0 

j 395 

CYCLOHeXYLMEtHYL  ETHER 

119.19 

C.8790 

20.0 

1.4355 

-74,4  * 

760. 

i 133.0 

0.0 

i 396 

1-methylcyclohexanol 

119.19 

0.9251 

24.6 

1.4587 

26.0 

0. 

157.0 

0.0 

397 

2-MerHYLCYCLOHEXANOL 

119.19 

0.9254 

20.0 

1.4610 

0.0 

0. 

167.6 

13.30 

398 

CIS-2-ME  CYCLOHEXaNOL 

119.19 

0.9360 

20.0 

1.4640 

7.0 

0. 

165,0 

0.0  j 

399 

TRN-2-ME  CYCLOHEXANOL 

119.19 

0.9247 

20.0 

1.4616 

-4.0 

0. 

166.5 

0.0  1 

400 

' 3-METHYLCrCL6HEXAN0L 

119.19 

0.^168  ’ 

' 20.0  : 

1.4576 

; 6.6: 

0. 

l'72,b  ^ 

12.30 

401 

CIS-3-ME  CYCLOHEXANOL 

119.19 

0.9155 

! 20.0 

1.4572 

! -5.5 

')• 

168, C 

16.47 

402 

TRN-3-ME  CYCLOHEXANOL 

119,19 

0.9214 

: 20.0  ; 

1.4580 

i -0.5 

0. 

8«*.0 

8,05 

403 

4-methylcyclohexanol 

119.19 

0.9122  1 

i 20.0 

1.4565 

0.0 

763. 

i 172,0 

13.30 

404 

, S-METHYL-3-HEXANONE 

• *tso“octame: 

1119.19 

tlI9V22 

0.8150 

1 17.0  . 

1.3970 

r,^r5  ^ 

0.0 : 
-T67.'4T 

735. 

■ “'6.'" 

134.C  : 
69.2  ' 

0.0 

J.tf' 

405 

1*66 

1 OCTANE 

jll9.22 

0.7025  I 

1 2P.0 

1.3974 

-56,8  t 

0. 

125.6  1 

1.95 

407 

' OCTANE 

ill9.22 

0-6985  ' 

! 25,0  1 

1.3951 

-56.8 

0. 

125.6 

1.95  1 

408 

! 2*2*4-TRlME  PENTANE 

,119.22 

0.7078  i 

! 0 . 0 1 

1.3914 

-107.4  i 

0. 

98.2 

1.9^.  j 

409 

i 2*2*3-TRlME  PENTANE 

[i19.22 

riu.i2 

, 0.7121  ' 

* 25.0  i 

1.4006 

-112.3 

0.  j 

109,8  ; 

d2.o  ? 

1.96  J 

1 410 

. 

f A^fONYLUTTEA 
METHYLACETOACETATE 

■ O.fiOlB  1 

1 4.C  1 

0.0  “ 

-41.6  i 

O.O  ' 

116.12 

* 1.0747  ; 

20.0 

1.4186  j 

[ -80.0 

0. 

171.7  1 

0.0  ! 

1 412 

1 I-UREIOO-2-PROPANONE 

:116.12 

< 0.8018  ; 

; 4.0  : 

0.0  i 

1 -41.0' 

0-  S 

82.0  i 

0.0 

413 

1 BETA-ACETOPROPIONIC  AGIO 

1116.13 

i 1.1335  i 

I 20.0 

1.4396  ^ 

1 37.2' 

0.  1 

1 245,8 

0.0  1 

1 414 

1 INDENE 

IH6.15 

I 0.9915  ; 

0.0  ! 

1.5642  < 

1 -2.0; 

0.  i 

: 182.2 

0,0  , 

■ 4-Mf-5-PrNriNONE^4-OL 

!rre.i5 

; ar95d5  i 

T;V21T1 

r -44.6  ? 

'166.6  ' 

0.0 

!-416 

! AMYL  formate 

:l  16.16 

. 0.8926 

15.0  ; 

1.3992  1 

i -73.5  ' 

0.  i 

132.1 

0.0 

417 

’ Butyl  acetate 

<1 16.16 

, P.8713 

30.0 

1,3827 

; -73.5  i 

0.  1 

126.1 

5.01 

418 

SEC  butyl  acetate 

jl  16. 16 

’ 0-8720 

20.0 

1.3894  ! 

0.0  i 

0. 

112.3 

0.0 

419 

caphoic  acid 

116.16 

0.9230 

25.0 

1.4148  ; 

-3.9  ' 

0. 

205.7 

2.63 

420 

DIACErONE  ALCOHOL 

116.16 

P.’7392 

?5.0 

1.A213  1 

1 -44.m 

12.  ~ 

ri6B.l 

18.20  : 

421 

ETHYL  butyrate 

lib. 16 

0.8791 

20.0 

1.3926 

-98.0  ' 

0. 

' 121.6 

5.10 

422 

ETHYL  TS08UTYRATE 

116.16 

0.8693 

20.0 

1.39C3 

-88.2 

0. 

111.0 

0.0 

423 

isoamyl  formate 

1 16.16 

0.882C 

20.0 

1.3476 

0.0 

0. 

124.2 

0.0 

424 

ISOBUTYL  ACETATE 

1 16.16 

0.8695 

25.0 

1.3890 

-98.8 

0. 

118.0 

5.29 

425 

Note:  Missing  data  is  indicated  by  0,  0.,  or  0.0. 
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Name 

Mol. 

Wt. 

Density 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Dielec. 

Constant 

List 

No. 

N-PROPYL  propionate 

116.16 

y.8330 

0.0 

1.6015 

-76.0 

0. 

122,5 

0.0 

426 

U22TETKAME  UREA 

116.16 

0.9654 

25.0 

1.4493 

-1.2 

0 • 

175.2 

23.06 

427 

2-HEPTANOl 

1 16.21 

0.8171 

20.0 

1.4210 

0.0 

0. 

159.7 

9.21 

428 

PHENYLACtTONlTRlLE 

117. U 

1.0155 

0.0 

1,5233 

-23.8 

0. 

233, S 

0.0 

429 

TOLUiC  NITRILE 

117.15 

1.0125 

25,0 

1.5209 

-23.8 

0. 

233.5 

18.70 

430 

l-AMlNO-ii-HE-2-PE:  TANOL 

117.19 

0.9081 

20.0 

1.4510 

0.0 

15. 

03.0 

0.0 

431 

2-BUTYLAMNO  ETm^UOL 

117.19 

0.8907 

20.0 

1.4437 

-3.5 

760. 

199.5 

0.0 

432 

dimethyl  oxalate 

lib. 09 

1.1716 

60,0 

1.3790 

5.4 

760. 

164. S 

0. 0 

433 

clycul  oiformate 

11b. 09 

1.1930 

1.0 

1.3500 

-10.0 

0. 

174.C 

0.0 

434 

acetal 

110.12 

0.8213 

25.0 

1,3682 

0.0 

0. 

103.6 

3,80 

435 

diethyl  lahbonate 

11b. 13 

0.9693 

25,0 

1.3829 

-43.0 

0. 

126. b 

2.82 

436 

ethyl  lactate 

11b.  13 

1.0328 

20.0 

1.4124 

-26.0 

0. 

154.5 

13.10 

437 

ethyl  lactate 

118.13 

1.0272 

25,0 

1.4127 

-26.0 

36. 

69,5 

13.10 

430 

2-MEOXYETHYLACETATE 

118.13 

1.0049 

20.0 

1.4022 

-65.1 

0. 

144.5 

6.25 

439 

DIEThOXYcTHANE 

110.17 

0.8341 

0.0 

1,3819 

0.0 

0. 

102,2 

0.0 

440 

alpha-met HYL  STYKEnE 

118. 17 

0.9140 

0.0 

0,0 

-20.0 

765. 

165.0 

0.0 

441 

2-8UT0XYtTMAN0L 

118. lb 

0.9008 

20.0 

1.4190 

0.0 

760. 

170.2 

9.30 

442 

2-MErHYL-2*4-PENTAN£DI0L 

I lb.  18 

0.9254 

17.0 

1.^250 

-40.0 

760. 

197.0 

0.0 

443 

CmlohocyclohexanE 

118.61 

1.0000 

20.0 

1.4626 

-43.9 

0. 

143.0 

0.0 

444 

PHENYL  CAkBONIMlDE 

119. 12 

1.0960 

0.0 

1.5350 

0.0 

0. 

165.0 

0.0 

445 

TRIA20BEN2ENE 

119.13 

1.0680 

20,0 

1.5509 

-27.0 

11. 

70. C 

U.O 

446 

chlorofokm 

119,30 

1.4799 

25.0 

1,4429 

-63.5 

0. 

61.1 

4.61 

447 

ACETOPHENONE 

120.15 

1.0281 

20.0 

1.5342 

19.6 

0. 

202.0 

17.39 

448 

Glycerol  oimethyl  ether 

120.15 

1.0085 

0.0 

1.4192 

0.0 

0. 

169.0 

0.0 

449 

2- (2-MEOc.  TO J ETHANOL  328 

J20. 15 

1 .0167 

25.0 

1 .4245 

-70.0 

0. 

194.1 

0,0 

450 

Phenyl  ethylene  oxide 

120.15 

1.0469 

25,0 

1.5350 

-35.6 

0. 

191.5 

0.0 

451 

styrene  uaide 

120.15 

1.0469 

25.0 

1.5350 

-35.6 

0. 

191.5 

0.0 

452 

Sulfolane 

120.17 

1.2614 

30.0 

1.4820 

28.5 

0. 

287.3 

43.30 

453 

CUMENE 

120.19 

0.8618 

20.0 

1.4915 

-96.0 

0. 

152.4 

2.38 

454 

o-ethyltoluene 

120.19 

0.88?0 

0.0 

1.5042 

-17.0 

0. 

164.9 

0.0 

455 

isopropylbenzene 

120.19 

0.8575 

25.0 

1,4889 

-96.0 

0. 

152.4 

2.38 

456 

1-PHENYL  propane 

120.19 

C.8620 

0.0 

1.4920 

-99.5 

0. 

159.2 

0.0 

457 

1,2*3  TRIME  benzene 

120.19 

0.89^4 

0.0 

1.5139 

-26.5 

0. 

1 76.0 

0.0 

450 

1,2.4-TRlME  BENZENE 

120.19 

0.8890 

4.0 

1.5030 

-60.5 

0. 

169.3 

0.0 

459 

I,2,b-TH1HE  BENZENE 

120.19 

0.8642 

0.0 

1.4998 

-52.7 

0. 

164.7 

0.0 

460 

propylbenzene 

120,20 

0.8620 

0.0 

1.4900 

-99.5 

0. 

159.2 

0.0 

461 

1,3.5-TR1hETHYLBENZENE 

120.20 

0.8642 

20.0 

1.4998 

-52.7 

0. 

164,7 

2.27 

462 

1-CHLOROhEXANE 

120.62 

0.8704 

0.0 

1.4240 

-83.0 

0. 

1 32.0 

0.0 

463 

2-CL-hEXmNE 

120.62 

0.8694 

21.0 

1.4142 

0.0 

0. 

0.0 

0.0 

464 

3-CL-HEXANE 

120.62 

0.8700 

20,0 

1,4163 

0.0 

0. 

0.0 

0.0 

465 

1-BRUMO-I-PROPENE 

120.99 

1.4133 

20.0 

1.4519 

-116.6 

0. 

59.5 

0.0 

466 

o-ethyl  aniline 

121.18 

0.9030 

22.0 

1.5584 

-5.0 

0. 

209.0 

0.0 

467 

0-METhYL  TOLUIOINE 

121.18 

0.9769 

20.0 

1,5649 

0.0 

0. 

206.0 

0.0 

468 

2.A,6-TR1METhyl  pyridine 

121.18 

0.9166 

22.0 

1.4959 

0.0 

754. 

172.0 

0.0 

469 

SALICYLALUEHYDE 

122.13 

1.1525 

25.0 

J .5702 

-7.0 

0. 

196.7 

13.90 

470 

O-METhYLmNISOlE 

122.16 

0.9050 

15,0 

1.5199 

0.0 

0. 

170.3 

0.0 

471 

PhENETOLL 

122.17 

0.9605 

25,0 

1.5049 

-29,5 

0. 

170.0 

4.22 

472 

DIETHANOl  sulfide 

122.19 

1.1793 

25.0 

1.5146 

-10.0 

0. 

282,  0 

0.0 

473 

2-CHLOROc.THYLACE  T ATE 

122.55 

1.1763 

6.0 

1.4215 

-20.0 

0. 

145.0 

0.0 

4 74 

ETHYL  CHlOROACETATE 

122.55 

1* 1144 

20.0 

1.4215 

-26.0 

740. 

1 44.  0 

0.0 

475 

1-CHLORO-J-PEnTANOL 

122.60 

1.0327 

25.0 

1.4660 

0.0 

0. 

173,0 

0.0 

476 

acetyl  0HOMIDE 

122.96 

1.6630 

0.0 

1.4530 

-96.5 

0. 

76.7 

0.0 

477 

1-BROMOPhOPANE 

123,00 

1.3452 

25.0 

1.4317 

-109.8 

0. 

71.0 

8,09 

478 

2-BROmOPHOPANE 

123.00 

1.3060 

25.0 

1.4221 

-89,0 

0. 

59.4 

9,46 

479 

nitrobenzene 

123.11 

1.2082 

15,0 

1.5546 

5.7 

0. 

210.0 

34.82 

4b0 

OlETHrL  zinc 

123.50 

1.1620 

18.0 

i,4954 

-28.0 

0. 

110.0 

0,0 

4dl 

M-THlOCRc-SOL 

124.21 

1.0526 

12.0 

1.5752 

-20,0 

0. 

195.4 

0.0 

482 

BETA-CLEThYLCELLOSOLVE 

124.57 

0.0 

19.0 

1.4505 

0.0 

760, 

102.0 

0.0 

483 

3-CL-2-CLME-PR0PENE 

125.00 

1.1782 

20.0 

1.4754 

-14.0 

0. 

138,3 

0.0 

484 

CaPRYlONITRIlE 

125.21 

0.8097 

25.0 

1.4182 

-45.6 

0. 

205.2 

13.90 

485 

dimethyl  Sulfate 

126.13 

1.3283 

20.0 

1.3874 

-31.8 

760. 

188.5 

0.0 

466 

2,5-DIME-CYCLOHEXANONE 

126.19 

C.9025 

20.0 

1,4446 

0.0 

0. 

178.0 

0.0 

407 

2-NONENE  (TRANS) 

126.23 

0,7540 

0.0 

1.4191 

0.0 

0. 

140.5 

0.0 

4bb 

1-NONENE 

126.24 

0.7253 

25,0 

1.4133 

-81.4 

0. 

146.9 

0,0 

409 

benzyl  Chloride 

126.58 

1. 1000 

0.0 

1.5391 

-39.0 

0. 

179.4 

23.00 

490 

M-CHUJftdTOLUENE 

126.50  ' 

1.0722 

0.0 

1,5214 

’ -47.8 

0. 

162.0 

5.55 

491 

p-chlorotoluene 

126,58 

1.0697 

0.0 

1.5199 

7,5 

0. 

162.0 

6,08 

492 

1,2-OICL  ISOBuTANE 

127.01 

1.0930 

20.0 

1.4370 

-130. 0 

0. 

108,0 

0.0 

493 

1*1-DICHLOROBuTANE 

127.02 

1*0863 

0.0 

1.4355 

0.0 

763. 

114,5 

0.0 

494 

1*2-DICHL0R0BuTANE 

127.02 

1.1116 

25,0 

1.4474 

0.0 

0. 

124.0 

0.0 

495 

l,'4-0lCHLUH0ButANE 

127.02 

1,7598 

12.0 

1.4566 

-38.7 

0. 

162.0 

o.c 

496 

2,3-DICHLUROBUTANE 

127.03 

1,1134 

20.0 

1.4420 

-80.0 

760. 

116.0 

0.0 

497 

UI-0ICH-2-ME  PROPANE 

127.03 

l.Olll 

20.0 

1.4330 

0.0 

760. 

105.5 

0.0 

498 

1,2-UICH“2-ME  propane 

127.03 

1.0930 

20.0 

1.4370 

-130.0 

760. 

108. 0 

0.0 

499 

l,3-DICH-2-ME  PROPANE 

127,03 

1.1325 

25.0 

1.4488 

0.0 

760. 

134,6 

0.0 

500 

i-ACETYLHlPERlDINE 

127.18 

1.0112 

9.0 

0.0  ‘ 

108*0 

0. 

226.5 

0.0 

501 

o-chloroaniline 

127,57 

1.2125 

20.0 

1.5801 

-1.9 

0. 

206.8 

13,40 

502 

3-ME-HEPTAN0NE-2 

128.21 

0.0318 

20.0 

1.4172 

0.0 

0. 

167.0 

0.0 

503 

2-ETHYLCyCL0HEXAN0L(CIS) 

128.22 

0.9274 

21.0 

1.4655 

0.0 

12. 

74.0 

0.0 

504 

OCTANONE-2 

128.22 

0.8185 

0.0 

I. 4161 

-20.9 

0. 

173.0 

0,0 

505 

OcTANONE-3 

128.22 

0.8220 

20.0 

1.4156 

0.0 

738. 

169.0 

0.0 

506 

ISO-NONANE 

128,25 

0.7134 

0.0 

1.4032 

-80,5 

0. 

142.8 

c.o 

507 

a-methyl  UCTANE 

128,25 

0.7199 

0.0 

1.4061 

-119.1 

0. 

142.4 

0.0 

508 

NONANE 

128.25 

C.7138 

25.0 

1 .4054 

-53.5 

0. 

150,8 

1.97 

509 

2,2*5-TRlME  HEXANE 

l2b.25 

0.7032 

25.0 

1,3997 

-105.0 

0. 

124.1 

0.0 

510 

Note:  Missing  data  is  indicated  by  0,  0,,  or  0.0. 
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Name 

Mol. 

Wt. 

Densify 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Dielec. 

Constant 

List 

No, 

DICMLOROACETIC  ACID 

120. 9A 

1 

.563A 

20.0 

1.A658 

10.8 

0. 

192.5 

0.20 

5H 

lt3-0ICL-ii-PR0PAN0L 

120.99 

1 

.3506 

17.0 

1.A037 

0.0 

760. 

176.0 

0.0 

512 

N-ACETYL  mORPmOLIiME 

129.16 

1 

• 1165 

20.0 

1.A303 

lA.O 

50. 

152.0 

0.0 

513 

CINNAmONI trile 

129.16 

1 

• 0283 

20.0 

1.60A3 

22.0 

0. 

263.8 

0.0 

51A 

OUlNOLlNc 

129.16 

1 

.0977 

25.0 

1.6293 

-1A.9 

760. 

237,1 

9.00 

515 

0I8UTYLAM1NE 

129.25 

0 

• 7619 

2C.0 

I.A177 

-62.0 

0. 

159.6 

2.90 

516 

ETMYlACETUACETATE 

130.15 

1 

.0222 

20.0 

1.A192 

-AC.O 

0. 

100.0 

15.70 

517 

propionic  anhydride 

130.15 

1 

.0110 

20.0 

1.A0A5 

-A3.0 

0. 

169,0 

10.30 

518 

n-butyl  propionate 

130.18 

0 

.8810 

0.0 

1.3902 

-09.5 

0. 

1A5.5 

0.0 

519 

HEPTANOIC  acid 

130.18 

0 

.9105 

0.0 

I.A216 

-10.0 

0. 

223.0 

0.0 

520 

150HUTYLPROPIONATE 

130.10 

0 

• 8076 

20.0 

1.3975 

-71. A 

0. 

136.8 

0.0 

521 

A (2-AMINOET) morpholine 

130.19 

0 

.9915 

20.0 

I.A715 

25.6 

50. 

116.0 

0.0 

522 

amyl  ACEIATE 

130.19 

0 

.8753 

20.0 

I.A028 

-100.0 

0. 

1A9.2 

A. 75 

523 

ETHYL  Isovalerate 

130.19 

0 

• 8652 

20.0 

1.3962 

-99,3 

0. 

13A.7 

A. 71 

52A 

2-0CrAN0L(DL) 

130.22 

0 

.8193 

0.0 

I.A203 

-3d. 5 

0. 

100.0 

0.0 

525 

?*2f‘f-TRJ  ME  PENTANOL-4 

130.22 

0 

.8270 

0.0 

I.A293 

-16.7 

0. 

19A.S 

0.0 

526 

BUTYL  ether 

130.23 

0 

.76A1 

25.0 

1.3960 

-95.2 

0. 

1A2.2 

0.0 

527 

2-et-i-heaanol 

130.23 

0 

.8291 

^5.0 

I.A292 

-76.0 

0. 

10A.A 

A.Al 

528 

2-ME«HEPrAN0L-2 

130.23 

0 

.81A2 

20.0 

1.A279 

0.0 

0. 

156.0 

0.0 

529 

3-ME'HEPfAN0L-3 

130.23 

0 

.8202 

20.0 

I.A238 

-03.0 

0. 

163.0 

0.0 

530 

1-OCTANOl 

i30.23 

0 

• 8221 

25.0 

1.A275 

-15.0 

0. 

195.2 

10. 3A 

531 

P-FLUORO  CHLORO  BENZENE 

130.55 

1 

.2260 

0.0 

I.A990 

-20.3 

757, 

130.0 

0.0 

532 

TRImETHYl  borate 

130.92 

0 

.9200 

23.0 

1.3560 

-3^.0 

0. 

69.0 

0.0 

533 

ISOAMYL  acetate 

130.98 

0 

• 866A 

25.0 

1.398A 

70.5 

0. 

A2.C 

A. 63 

53A 

A <9-HY0R0XYET> morpholine 

131.17 

1 

.0710 

20.0 

I.A70O 

0.0 

757. 

227.0 

0.0 

535 

l-NlTROHtXANE 

131.17 

0 

• 0 

0.0 

I.A229 

0.0 

0. 

0.0 

0.0 

536 

TRICHLOROtTHYLENE 

131.39 

1 

• A762 

15.0 

1.A0OO 

-06. A 

0. 

07.2 

3.A2 

537 

oimethylhalonate 

132.11 

1 

• 15AA 

0.0 

I.AIAO 

-00.0 

0. 

103.0 

0.0 

530 

CELLOSOLVE  ACETATE 

132.16 

0 

.9730 

20.0 

1.A050 

-61.7 

0. 

156.3 

7.57 

539 

CINNAMALUtHYDE 

132.16 

1 

• 0A97 

20.0 

1.6195 

-75.0 

760. 

253.0 

16.90 

5A0 

123ATET  H NAPHTHALENE 

132.21 

0 

.9702 

20.0 

1.5AIA 

-35.0 

0. 

207.6 

2.77 

5Al 

123ATET  H NAPHTHALENE 

132.21 

0 

.9662 

25.0 

1.5A92 

-35.8 

0. 

207.6 

2.77 

5A2 

1-FLUORO  OCTANE 

132.22 

0 

.8103 

0.0 

1.3935 

0.0 

0. 

1A2.5 

0.0 

SA3 

ETHYLOIEIHANOLAM INE 

133.19 

1 

• 0135 

20.0 

I.A663 

-50.0 

760. 

2A7.0 

0.0 

5AA 

1 f 1 « 1-TRICHLOROEThANE 

133. A1 

1 

.3376 

20.0 

I.A379 

-30. A 

0. 

7A.0 

7.53 

5A5 

1.1*2-TRICL  ethane 

133. A1 

1 

.AA05 

20.0 

I.A706 

-3T.A 

0. 

113.0 

0.0 

SA6 

3-BR  PROPlONlTRlLt 

133.90 

1 

.6152 

20.0 

I.IA70 

0.0 

25. 

92.0 

0.0 

5A7 

allyl  phenyl  ether 

13A.10 

0 

.9700 

25.0 

1.5200 

0.0 

10. 

05.0 

0.0 

5A0 

CAR81TOL 

13A.10 

0 

• 980) 

0.0 

1.A273 

0.0 

0. 

201.0 

0.0 

54*9 

cinnamyl  alcohol 

13A.10 

1 

. oaao 

20.0 

1.5019 

33.0 

0. 

257,5 

0.0 

550 

2- (2-ETOETO) ethanol 

134.10 

0 

• 901A 

25.0 

I.A25A 

0.0 

0. 

202.0 

0.0 

551 

BIS(2«MEUET)  ETHER 

13a. 10 

0 

• 9AA0 

25.0 

1.A0A3 

0.0 

0. 

159.8 

0.0 

552 

i-phenyl-2-propanone 

13A.10 

1 

.0157 

20.0 

1,5160 

27,0 

0. 

216.5 

0.0 

553 

PROPIOPHLNONE 

13A.10 

1 

• 0105 

20.0 

1.5269 

10.6 

0. 

21H.C 

0*0 

55A  i 

O-OIETHYLBENZEME 

13A.2I 

J 

.8600 

0.0 

1.5035 

-20.0 

0. 

103.0 

0.0 

‘ 555 

1 *3-UIEThylBEN2ENE 

13A.21 

0 

.8639 

‘ 20.0 

I.A955 

-20'.0 

0. 

101.0 

6.0 

556  1 

1*A-DIEThYLB€nZENE 

13A.21 

0 

• 8620 

20.0 

1.A967 

-35.0 

0. 

102.0 

0.0 

557 

P-ISOPROPYl  toluene 

13A.21 

0 

.0569 

0.0 

I.A90A 

0.0 

0. 

177.0 

0.0 

550  ! 

123A  TETkA-ME-BENZENE 

13A.21 

0 

.9010 

0.0 

1.5107 

-6A.0 

0. 

203.5 

0.0 

! 559 

1235  TETKA-ME-BENZENE 

134*21 .. 

. 0 

.•8906. 

, OtO. 

1.513A 

-2A.0 

0. 

196.0  I 

0.0 

; 560  i 

BUTYL  BENZENE 

13A.22 

0 

.8561 

25.0 

I.A07A 

-07,9 

0. 

103.3 

2.36 

1 561 

SEC-dUTYL  benzene 

13a. 22 

0 

.8500 

25.0 

I.A070 

-75.5 

0. 

173.3 

2,36 

562  : 

P-CYMENE 

13A.22 

0 

.0533 

25.0 

1.A885 

-67.9 

0. 

177,1 

2.25 

563  ! 

TERT-BUTYL  benzene 

13A.22 

0 

• 062A 

25.0 

1.A902 

-57.9 

0. 

169.1 

2.37 

' 56A  1 

A-CHLOROCYCLOhEXANOL 

13A.61 

1 

• 1A35 

17,0 

I.A930 

0.0 

lA. 

106.0 

0.0 

565  i 

i-CHLOROnEPTANE 

13A.6S 

0 

• 8816 

0.6 

I.A2A0 

-69.0 

0. 

158.0 

0.0 

566  i 

2-CL-HEPlANE 

13A.65 

0 

.8725 

15.0 

I.A221 

0.0 

19. 

A6.0 

0.0 

567  1 

3-CL-HEPTanE 

13A.65 

0 

.8960 

20.0 

I.A237 

0.0 

751. 

lAA.O 

0.0 

560 

a-cl-heptane 

13A.65 

0 

.0710 

20.0 

I.A237 

0.0 

750. 

IAA.O 

0.0 

569  1 

A-BROMO-1-BUTENE 

135.01 

1 

.3230 

20.0 

1.A622 

0.0 

750. 

90.5 

0.0 

570  ] 

benzedrine 

135.20 

0 

.9aoO 

: 15.0 

1.5^63 

0.0 

0. 

203.5 

0.0 

571 

Phenyl  acetate 

136. lA 

1 

.0730 

25.0 

1,5051 

0.0 

765. 

195.0 

10. AO 

572 

benzyl  formate^ 

136.15 

1 

.0817 

25.0 

1.5121 

0.0 

20. 

93,0 

0.0 

573 

methyl  benzoate 

136.15 

1 

.0790 

30.0 

1.5123 

-12.1 

0. 

199.5 

6.59 

57A 

n-propyl  phenyl  ether 

136.19 

0 

.9530 

is.o 

1.5011 

0.0 

0. 

109.5 

0.0 

575 

benzyl  ethyl  ether 

136.20 

0 

• 9AA6 

25.0 

I.A93A 

0.0 

0. 

10S.O 

3.90 

576 

3-PHENYL-I -PROPANOL 

136.20 

1 

.0080 

20.0 

1.5357 

-10.0 

750. 

236,5 

0.0 

577 

alpha  pinene 

136. 2A 

0 

.8539 

25.0 

1.A632 

-6A.0 

0. 

15A.9 

2.26 

570 

beta  pinene 

136. 2A 

0 

• 8667 

25.0 

I.A760 

-61.5 

0. 

166.0 

2.50 

579 

ethyl  CHLOROGLYOXYLATE 

136.5A 

1 

.2226 

20.0 

0.0 

0.0 

760. 

135.0 

0.0 

500 

6-CL-HEXANOL-l 

136.62 

0 

• 0 

0.0 

I.A531 

0.0 

12. 

1C7.0 

0.0 

501 

BROHOBUTANE 

137.03 

1 

.276A 

20.0 

I.A389 

-112. A 

0. 

101.3 

0.0 

502 

2-bromo-z-me  propane 

137.03 

1 

.2220 

20.0 

1.A203 

-20.0 

0. 

73.3 

0.0 

503 

1-8R0M0-2-ME  PROPANE 

137.03 

1 

.3356 

25.0 

1.A3A0 

0.0 

0. 

91.0 

0.0 

58A 

diethyl  SELENIDE 

137.06 

1 

.2300 

20.0 

1.A760 

O.Q 

0. 

100.0 

0.0 

585 

ANILINOEIHANOL 

137.10 

1 

.1129 

25.0 

1.57A9 

0.0 

0. 

286.0 

0.0 

586 

METHOXY  BENZYL  ALCOHOL 

138.16 

1 

• 0A30 

25.0 

1.5A90 

0.0 

0. 

2A9.0 

0.0 

507 

2-phenOxyethanol 

138.17 

1 

.1020 

22.0 

1.53A0 

lA.O 

0. 

237.0 

0.0 

508 

veratrole 

138.17 

1 

.0819 

25.0 

1.5323 

22.5 

0. 

206.3 

A, 09 

509 

diethyl  bULFITE 

138.19 

1 

.0029 

20.0 

I.AIAA 

0.0 

760. 

157,0 

O.Q 

590 

isophorone 

130.21 

0< 

.9229 

20.0 

1.A759 

-0.1 

75A, 

21A.0 

0.0 

591 

DECAhyORONAPHTHALENE 

138. 2A 

0. 

.8709 

25.0 

1.A750 

-125.0 

0. 

191,7 

0.0 

592 

cis-oecahyoronaphthalene 

13B.2A 

a< 

.0967 

0.0 

I.A011 

-A3. 3 

0. 

195.7 

0.0 

593 

T«AN-DeCAKYO«ONAPTHALENE 

138.2A 

0 

.8700 

0.0 

1.A696 

-32.5 

0. 

107,3 

0.0 

S9A; 

aROMOACETiC  ACID 

138.95 

1. 

.9335 

50.0 

1.A0OA 

5.0 

760. 

208*0 

0.0 

595 

Note:  Missing  dato  is  indicated  b/  0,  0,,  or  0.0. 

(continued) 


Appendix — Comparative  Data  for  Various  Solvents  945 


Name 

Mol. 

Wt. 

Density 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Dielec. 

Constant 

List 

No. 

1-PMtNYL-ii-PROPANOL 

139.20 

0.9727 

19.0 

1.5314 

36.0 

0. 

217.0 

0.0 

596 

PELARGONIC  nitrile 

139.23 

0.7860 

16.0 

1.4235 

-34.2 

0. 

224.0 

0.0 

597 

DECAHYDROuuINOLINE 

139.24 

0.9426 

20.0 

1.4926 

-40.0 

20. 

90.0 

0.0 

598 

trimetmylphosphate 

140.08 

1.2144 

20.0 

1.3967 

-46,0 

760. 

197.2 

0.0 

599 

2-acetyl  cyclohexanone 

140.18 

1.0782 

20,0 

1.5138 

0.0 

18. 

1 12.0 

0.0 

600 

2-ISOPROHYLCYCLOHEXANONE 

140.23 

0.9270 

20.0 

1,4538 

0.0 

76. 

199,0 

0.0 

601 

BUTYLCYClOHEXANE 

140.27 

0.8178 

20.0 

1,4400 

-78.6 

0. 

179.0 

0.0 

602 

1-DECENE 

140.27 

0.7369 

25.0 

1.4191 

-66.3 

0. 

170.6 

0.0 

603 

1 « 5-UICHlUROPENT ANE 

141,04 

1.1006 

20.0 

1.4564 

-72,8 

760. 

180.0 

0.0 

604 

IODOHETHMi'JE 

141,94 

2.2649 

25,0 

1.5270 

-66,5 

0. 

42.4 

7,00 

605 

1-ACETYL  CYCLOHEXANOL 

142.20 

1.02S7 

20.0 

1.4726 

0.0 

50. 

125.0 

0.0 

606 

1-metmyl  naphthalene 

142.20 

1.0202 

20.0 

1.6170 

-22,0 

760. 

244,6 

0.0 

607 

METHYL  HEPTYL  KETONE 

142.23 

0.8185 

0.0 

1.4161 

-20.9 

0. 

173.0 

0.0 

608 

4-NONANONE 

142,24 

0.8370 

20.0 

1.4210 

0,0 

0. 

187.5 

0.0 

609 

5-NONANONE 

142,24 

0.8270 

20,0 

1.3980 

-4,8 

e. 

186.4 

0.0 

610 

3,3,5-TRiHE  CYCLOHEXANOL 

142,24 

0-9006 

16.0 

1.4550 

37,3 

750. 

202.0 

0.0 

611 

DECANE 

142.27 

0.7262 

25.0 

1.4119 

-29,7 

0. 

174.1 

1.99 

612 

methyl-dichloro  acetate 

142.97 

1.3774 

20.0 

1.4429 

-51,9 

760. 

142.8 

0.0 

613 

BIS(2-CL  ETHYL)EThER 

143.01 

1.2192 

20.0 

1.4575 

-46,8 

0. 

178,8 

21.20 

614 

1,3-OICL-2-M£-2-PROPANOL 

143.02 

1.2758 

20.0 

1,4744 

0,0 

0. 

174,5 

0.0 

615 

2-METHYL  vJUINOLINE 

143,18 

1.0585 

0.0 

1.6126 

-1.0 

0. 

246.5 

0.0 

616 

TRI-N-PROPYL  amine 

143.27 

C.7530 

25.0 

1.4176 

-93.5 

0. 

156.0 

0.0 

617 

I-BR-2-Cl-ETHANE 

143.43 

1.7392 

20.0 

1.4917 

-16,7 

0. 

107.0 

0.0 

618 

dimethyl  maleate 

144.13 

1.1513 

20,0 

1.4422 

-17,5 

0. 

2C0.4 

0.0 

619 

TETRAHYOHOFURFURYL  acet 

144.17 

1.0672 

25,0 

1.4352 

0.0 

14. 

85.0 

0.0 

620 

4 { 3- am I NOPROP ) MOWPHOL I N£ 

144.21 

0.9872 

20.0 

1.4749 

-15,0 

50. 

134,0 

0.0 

621 

AMYLPROPIONATE 

144.21 

0.8760 

0.0 

1 .4096 

-73.1 

760. 

168,7 

0.0 

622 

BUTYLBUTYRATE  (N> 

144,21 

0.8717 

20,0 

1.4045 

-91.5 

760. 

166.6 

0.0 

623 

ISOBUTYL-N-BUTYRATE 

144,21 

0.8364 

18.0 

1,4030 

0.0 

0. 

157.0 

0,0 

624 

N-PROPYL  YALERATE 

144.21 

0.8888 

0.0 

1.4057 

0,0 

0. 

167,5 

0,0 

625 

CaPRYLIC  ACID 

144,22 

0.9106 

20.0 

1.4280 

16,5 

0. 

239.9 

2.45 

626 

2-ETHYLBuTYL  ACETATE 

144,22 

0.8790 

20.0 

1.4109 

-100.0 

760. 

162,5 

0.0 

627 

HEXYl  ACtTATE 

144.22 

0.8779 

15.0 

1.4092 

-80.9 

760. 

171.5 

0.0 

628 

ISOBUTYLiSOBUTYRATE 

144.22 

0.8742 

20.0 

1.3999 

-80.7 

0. 

147.5 

0.0 

629 

ISOBUTYLiSOBUTYHATE 

144,22 

0.8489 

25.0 

1.3981 

-80,7 

0. 

175.6 

0.0 

630 

NONYL  ALCOHOL 

144.25 

0.8273 

0.0 

1.4333 

-5,0 

0. 

212.0 

0.0 

631 

2*6-0IME1 HYL-4-HEPTANOL 

144,26 

0.8090 

21.0 

1.4242 

0.0 

760. 

176.5 

c.o 

632 

SILICONANE 

144,34 

C.7682 

0.0 

1.4243 

0.0 

n. 

154.  7 

0.0 

633 

4-PHENYLcJUTRONITRILE 

14S.21 

0.9762 

0.0 

1.5150 

0.0 

0. 

139,0 

0.0 

634 

3,3, J-TRICHLOROPWOPENE 

145.43 

1.3690 

20.0 

1,4827 

30.0 

0. 

104,5 

0,0 

635 

diethyl  oxalate 

146.14 

1.0669 

30.0 

1.4060 

-40.6 

0. 

185,4 

1 .80 

636 

ETHYLENE  OIACETATE 

146.14 

1.1043 

20.0 

1,4159 

-41.5 

0. 

190.9 

10.00 

637 

BUTYL  LACTATE  DL 

146.19 

0.9803 

22.0 

1.4217 

-43.0 

13. 

83.0 

0.0 

638 

2-ETHYL-IO-HEXANEDIOL 

146,23 

0.9325 

22.0 

1,4497 

-40.0 

760. 

244.0 

0.0 

639 

hexyl  CElLOSOLVE 

146.23 

0.8894 

20.0 

1.4291 

-45.1 

76Q, 

208.0 

0.0 

640 

TRIETHYLLNETETRAMINE 

146,24 

0.9820 

2U.0 

1.4971 

12.0 

760. 

266.5 

0.0 

641 

O-DICHLDHOBENZENE 

147.01 

1.3059 

20.0 

1.5515 

-1  Y.O 

0. 

180.5 

9.93 

642 

M-DICHL0H08ENZENE 

147.01 

1.2884 

20.0 

1.5459 

-2**. 8 

0. 

173.0 

5,04 

643 

P-DICHLOhOBENZENE 

147,01 

1.2416 

60.0 

1.5285 

53.1 

0. 

174.1 

2.41 

644 

KaIROLINL 

147,21 

1 . 0220 

0,0 

1,5082 

0.0 

758. 

0.0 

0*0 

645 

1-PHENYL-RYRROLIDINE 

147.22 

1.0260 

25.0 

1.5803 

0.0 

9. 

113.0 

0.0 

646 

TRICHLOROACETALDEHYDE 

147.40 

1.5120 

0.0 

1.4557 

-57.5 

0. 

98,0 

0.0 

647 

1,1, 1-TR ICHLOROPNOPANE 

147.43 

1.2870 

23.0 

0.0 

0.0 

760. 

107.5 

c.o 

648 

1,1, 2-TR ICHLOROPROPANE 

147.43 

1.3720 

25.0 

0.0 

0.0 

760. 

140.0 

0.0 

649 

1,1, J-TR I CHLOROPROPANE 

147.43 

1.3557 

20,0 

1.4718 

-59,0 

760. 

145.6 

0*0 

650 

1 , 2, 2-TR ICHLOROPROPANE 

147.43 

1.3180 

25.0 

1.4609 

0,0 

762. 

124.0 

0.0 

651 

l,2»3-TRiCHLOROPROPANE 

147.44 

1.3940 

0.0 

1.4658 

-14,7 

0. 

156.0 

0.0 

652 

BuTYfiOPHENONE 

148,20 

0.9880 

0,0 

1.5320 

11*0 

727. 

231.0 

0.0 

653 

1 phenylhentane 

148.24 

0.8662 

0.0 

1.4943 

-78.3 

0, 

205.3 

0.0 

654 

1-chloro  octane 

148.67 

0.8746 

0.0 

1.4306 

0.0 

765. 

181.0 

0.0 

655 

l-CL-2f5-0lME  HEXANE 

148.68 

0.6476 

18.0 

1.4232 

0.0 

14. 

44.0 

0.0 

656 

2-BR-3-ME-1-BUTENE 

149,04 

1.2328 

20.0 

1.4504 

0.0 

757, 

105.0 

0.0 

657 

1-8R-3-ME-2-BUTENE 

I4V.04 

1.2819 

20,0 

1.4930 

0.0 

40, 

50.5 

0.0 

658 

2-BR-3-MC-2-BUTENE 

149.04 

1.2773 

20.0 

1.4738 

0.0 

766. 

119.5 

0.0 

659 

triethanolamine 

149.19 

1.1196 

25,0 

1.4635 

21.6 

0. 

335.4 

29.36 

660 

n-botylanilIne 

149.24 

0.9323 

20,d 

1.5341 

-14,4 

760. 

241.6 

0.0 

661 

2,2* 2-th ICHLOROEThANOL 

149.42 

1.5521 

25.0 

1.4690 

17.8 

737. 

151.0 

0.0 

662 

benzyl  acetate 

150.18 

1.0550 

20,0 

1.5232 

-51.5 

0. 

215,5 

5.10 

663 

ETHYL  BENZOATE 

150.18 

1.0511 

15.0 

1.5075 

-34,7 

0. 

212.4 

6.02 

664 

triethylene  OLYCOl 

150.18 

1.1274 

15.0 

1,4578 

-A. 3 

0. 

288.0  . 

23,69  ; 

665 

n-butyl  phenyl  ether 

150.21 

0.9351 

0.0 

1,4969 

-19.6 

0. 

210. C j 

0.0 

666 

2-ME-I-PhENYLPROPANOL-I 

150.22 

0.9869 

14,0 

1.5193 

0.0 

0. 

223.0 

0.0 

667 

2-ME-1-PHENYLPR0PAN0L-2 

150.22 

0.9774 

19,0 

1.5201 

i 24.0 

0. 

215.0  ' 

0.0 

668 

4-CHLOROeUTYL  ACETATE 

150.61 

1.0759 

0,0 

1,4340 

0.0  : 

0. 

83.0 

0.0 

669 

1-BR0M0-3-ME  0UTANE 

li>l»Q5  : 

1.26Q9 

20*  ft  . 

l.(>A2ft.  , 

0. 

UQ*0  . 

0*0  . 

670 

l-BROMOPENTANE 

151.05 

1.2177 

0.0 

1.4413 

-95.0  i 

0. 

129.7 

0.0 

671 

ET-2-PYRiDINECAR80XYLATE 

151.16 

1.1194 

20,0 

1.5104 

1.0 

0. 

243.0 

0.0 

672 

methyl  salicylate 

;152.15 

1.1631 

20.0 

1.5365  i 

—8.6 

0. 

233.3 

9.41 

673 

2-BENZYLOXYETHANOL 

152.20 

1.0640 

20,0 

1,5233 

-75.0 

760. 

256.0  ! 

0.0 

674 

ciNNAMYL  Chloride 
BROMOMeTHYLACfeTATE 

152.63 
152.99  ^ 

0*0 

1.6560  , 

0.0 
12, 0 ^ 

O.Q 

0,"0  ' 1 

L .r.l?*.ft ' 
0.0  1 

...ft.  . 
750. 

2lA..ft  1. 
130.0 

0,0 

675 

676  i 

O-NITROAnISDLE 

153.14 

1.2527  : 

20.0  , 

1.5619  i 

i 10.5  ’ 

0. 

265.0  : 

Q.O 

677 

CARBON  TETRACHLORIDE 

153,82 

1.6037 

15.0 

1.4631  1 

1 -23.0  ; 

0. 

76.7 

2.24 

678  1 

CARBON  tetrachloride 

153.82 

1.5844  1 

25.0 

1.4574  i 

-23,0  ; 

0. 

76.7  i 

2.24 

679  5 

diethyl  sulfate 

154,19 

1.1774 

20.0  i 

1.4004  ' 

-24.5  ^ 

0. 

208.0  i 

0.0  , 

680  f 

Note:  Mlssir>g  data  is  indicated  by  0,  0.,  or  0.0, 
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Name 

Mol. 

Wt. 

Density 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Dielec. 

Constant 

List 

No. 

U0-Cr'4£OLE 

154.25 

0.9192 

25.0 

1.4555 

1.3 

0. 

176.0 

A. 57 

661 

2-N0UTYLCrCLOHEXANONE 

154.20 

0.9350 

20.0 

1.4S4S 

0.0 

2. 

7.0 

0.0 

602 

I-UNOECENE 

154,29 

0.7506 

0.0 

1.4261 

-50.0 

0. 

193.0 

0.0 

683 

SUCCINYL  CML0«I0E 

154,98 

1.3740 

20.0 

1.4663 

20.0 

760. 

193.3 

0.0 

684 

1 ,6-OICL-MEXANE 

155,00 

1.0677 

20.0 

1.4572 

0.0 

0. 

202.4 

0.0 

60S 

IOOOETHAI'jE 

155.97 

1.9357 

20.0 

1.5133 

-lll.l 

0, 

72.3 

7.02 

606 

3-CYClOH£XP«OPANOIC  acid 

156.22 

0.9966 

20.0 

1.4656 

16,0 

750. 

193.0 

0.0 

607 

1-ethyl  Naphthalene 

156.23 

1.0002 

20.0 

1.6062 

-13.9 

760. 

250.7 

0.0 

600 

2-ethyl  i'IAPmThALENE 

156.23 

0.9922 

20.0 

1.5999 

-7.9 

760. 

257,9 

0.0 

609 

DECA.■>^0NE“^ 

156.26 

0«.8230 

22,0 

1.4621 

19.0 

767. 

210.5 

0.0 

690 

2-BUTYLCYCLOHEXANOL 

156,27 

0.9020 

20,0 

1,4641 

0,0 

3. 

75.  n 

0.0 

691 

3-IS0PR0-2-HEPTAN0NE 

156.27 

0.8195 

20.0 

1,4250 

0.0 

0. 

76. C 

0.0 

692 

undecane 

156.30 

0.7401 

0,0 

1,9172 

-25.0 

0. 

195.5 

2,01 

693 

BETA-CHLUROPMENETOLE 

156.61 

1.1443 

25.0 

1.5320 

0.0 

0. 

0.0 

0.0 

694 

p-chlorophenetole 

156,61 

1.1231 

20.0 

1,5227 

21.0 

0. 

213.0 

c.o 

695 

2-CLETHYLChLOWDACETATE 

157,00 

1,3600 

25.0 

1.4619 

0.0 

760. 

202.0 

0.0 

696 

2,3-UICHLOROOIOXANE 

157.00 

1.A680 

20.0 

1.4920 

30.0 

10. 

81,0 

0.0 

697 

ETHYLOICHLOROACETATE 

157.00 

1.2621 

20.0 

1 ,4306 

0.0 

0. 

157.0 

10.00 

690 

a«OMO0EN2ENE 

157.02 

1.A882 

25.0 

1.5571 

-30.8 

0. 

1S5.9 

5,40 

699 

DIPENTYLAMINE 

157.30 

0.7771 

20,0 

1.4272 

-70.0 

760. 

2C2.5 

0.0 

700 

allylidene  diacetate 

150. 15 

1,0749 

20.0 

1.4193 

-37,6 

0, 

180.0 

0.0 

701 

TETRAHYDROEURF URYL  PROP 

150.19 

1-0321 

25,0 

1.4380 

0.0 

18. 

101.0 

0.0 

702 

Butyric  anhydride 

150.20 

0.9660 

20.0 

1.4127 

—66 . 7 

0. 

199.5 

12.90 

703 

HEXYL  propionate 

150.23 

C.8698 

20.0 

0.0 

57.5 

0. 

190.0 

0.0 

704 

ISOAHYL  EThER 

158.27 

0.7777 

20.0 

1,4005 

0.0 

0. 

173.4 

0.0 

705 

AMYL  ETHER 

150.28 

0.7790 

25,0 

1.4096 

-69.4 

0, 

106,9 

0.0 

706 

diethyl  halonate 

160.17 

1.0549 

20.0 

1.4136 

-48.9 

0. 

199.3 

7.87 

707 

CyCLOhEXYLBENZEnE 

160.26 

0.9387 

25.0 

1.5239 

7.0 

0. 

240.1 

0.0 

700 

1-CHLOROPENTAnE 

160.60 

0.0818 

20.0 

1.4120 

-99.0 

0. 

i07.7 

6,60 

709 

benzal  Chloride 

161,03 

1.2557 

14.0 

1.5502 

-16.4 

0, 

205.2 

0.0 

710 

N-BUFYLOl ethanol amine 

161.25 

0.9692 

20,0 

1.4625 

-70.0 

741, 

274,0 

0.0 

711 

lf2*3-TRiCHL0»0  BUTANE 

161.46 

1.3164 

20.0 

1.4790 

0.0 

725. 

166,5 

0.0 

712 

2-ME-1*2»3-TRICL  propane 

161.47 

1.3012 

25,0 

1.4765 

0.0 

0. 

162.0 

0.0 

713 

ISOSAEROlE 

162.10 

1.1140 

25.0 

1.5740 

0.0 

0. 

0.0 

0.0 

714 

safrole 

162.10 

1.0950 

25.0 

1.S303 

11.2 

0. 

233.5 

0.0 

715 

DIETHYLEnE&LYCOIET  ETHER 

162.22 

1.9063 

0.0 

1.41  15 

0.0 

0. 

l08.r 

0.0 

716 

0UTYLCAR81TOL 

162.23 

C.95S3 

20.0 

1,4321 

-68.1 

760, 

231.0 

0.0 

717 

i,2*^-triethyl  benzene 

162.27 

0.0730 

0.0 

1.502^. 

0.0 

0. 

218,0 

0.0 

7iH 

l,3.;>-TRiETMYL  benzene 

162.27 

0.8621 

0.0 

1.4950 

— 66.5 

755. 

216,0 

0.0 

719 

1-phenylmExane 

162.20 

0.8540 

0.0 

1.4060 

-62.0 

760. 

226,0 

0.0 

720 

2-chloronaphthalene 

162.61 

1.1377 

71.0 

1.6079 

59.0 

0. 

256,0 

0.0 

721 

1-CHLORONAPhTHALENE 

162.62 

1.1938 

20.0 

1.6332 

-2.3 

0. 

259.3 

5.0A 

722 

trichloroacetic  acid 

163,39 

1.6210 

64.0 

1,4603 

5.0 

760. 

197.6 

0.0 

723 

2-CHLOROQUINOLINE 

163,60 

1.2464 

25.0 

1.6259 

37.5 

751. 

275.0 

0.0 

724 

dichlorobromomethane 

163.05 

1.9800 

20.0 

1.4964 

0.0 

742. 

89,5 

0.0 

725 

A-PHENYL- 1 » 3-0 IOXanE 

164,19 

1.1038 

20.0 

1.5306 

0.0 

0. 

245,0 

0.0 

726 

EuGENOL 

164.20 

1.0664 

20.0 

1.5410 

9.2 

760. 

255.0 

0.0 

727 

propyl  benzoate  - 

164,21 

1.0232 

20.0 

1.5003 

-51.6 

0. 

231,2 

0.0 

728 

benzyl  butyl  ether 

164.25 

0.9407 

20.0 

1.4970 

Ib.O 

74i», 

220.5 

0.0 

729 

NITROTRICHLORO  methane 

164.30 

1.6566 

20.0 

1.4622 

-69.5 

760. 

111.0 

0,0 

730 

1-BROMOHtXANE 

165,00 

1.1763 

20.0 

1.4470 

-65.0 

0. 

154,0 

0.0 

731 

2-8H-HEXANE 

165.00 

1.1656 

20.0 

1.4432 

0.0 

0. 

144,0 

0.0 

732 

3-BR-hEXAnE 

165,00 

1.1799 

20.0 

1.4406 

0.0 

744  , 

144.0 

0.0 

733 

TETRACHLOROEThYLENE 

165.03 

1.6311 

15.0 

1.5076 

-22,3 

0. 

121.2 

2.30 

734 

BICYCLOhEXYL 

166.31 

0.0062 

20.0 

1.4800 

3.6 

0. 

239.0 

0.0 

735 

2-BROmOEThyL acetate 

167.02 

1.5140 

20.0 

1.4547 

-13,8 

0. 

162,5 

0.0 

736 

U22-TET  CL  ETHANE 

167,35 

1.5706 

30.0 

1,4860 

-93.8 

0. 

146,2 

8.20 

737 

ni2  TET  CL  ethane 

167.06 

1.5532 

0.0 

1.4821 

-60. 1 

0. 

129.5 

0.0 

730 

3-IOUOPROPENE 

167.99 

1.0454 

22.0 

1,5540 

-99.3 

0. 

102.5 

0.0 

739 

0-phenyl  toluene 

160,23 

1.0100 

0.0 

1.6824 

95.0 

0. 

262,5 

0.0 

740 

2-BENZYL  PYRIDINE 

169.23 

1.0670 

20.0 

1,5705 

12.0 

742. 

276.0 

0.0 

74  1 

1-iouopropane 

1 70.00 

1.7394 

25.0 

1.5026 

-101.3 

0. 

102.4 

7.00 

742 

2-IOOOPROPANE 

1 70,00 

1 .69i.6 

25.0 

1.4961 

-90.0 

0. 

09.5 

8.19 

743 

1-ACETONAPHTHANE 

170.21 

1.1336 

20.0 

1.6200 

12.0 

0. 

297.0 

0.0 

744 

DIPHENYL  ETHER 

170,21 

1.0661 

30.0 

1.5763 

26.9 

0. 

250.3 

3,69 

745 

OOOECANE 

1 70.34 

0.7467 

20.0 

1.4216 

-9.6 

0. 

216,3 

2.01 

746 

BENZYL  CHLOROFORMATE 

1 70,60 

1.1950 

25.0 

1.5160 

0.0 

0. 

0.0 

0.0 

747 

m-bromotuluene 

171.04 

1.A019 

20.0 

1.5510 

-39.8 

0. 

103.7 

5.36 

748 

p-bromotjluene 

171.04 

1.3B90 

20.0 

1.5490 

28.5 

0. 

104.5 

5.49 

749 

B.B*0ICL-JIIS0PR0P  ether 

171,07 

I.IOJO 

20.0 

1.4505 

0.0 

0. 

107,0 

0.0 

750 

diethyl  HALEATE 

172.18 

1.0607 

20.0 

1.4400 

-0,0 

0. 

225.3 

0.58 

751 

l-ETHOXY  NAPHTHALENE 

172,23 

1.0600 

20.0 

1.5953 

5.5 

0. 

200.5 

0.0 

752 

heptyl  propionate 

172,26 

0.8679 

20.0 

0.0 

-50.9 

0. 

209.0 

0*0 

753 

2-ethylhexyl  acetate 

172.27 

&.8710 

20.0 

1.4209 

-93.0 

0. 

198.6 

0.0 

754 

undecyl  alcohol 

172.30 

0.8290 

0.0 

1.9392 

19.0 

760. 

2<*3.0 

0.0 

755 

2-UNUECanOL 

172.31 

0.0270 

20.0 

1,9369 

12.0 

760. 

?25.4 

0.0 

756 

O-BROMOPhENOL 

173.02 

1.4924 

20.0 

1.5092 

5.6 

0. 

194.5 

0.0 

757 

methylene  bromide 

173.05 

2.A970 

20.0 

1.5920 

-52.6 

760. 

97.0 

7.50 

758 

diethyl  succinate 

174.19 

1.0406 

20.0 

1.9201 

-22.0 

0. 

217.7 

0.0 

759 

N-OIPROPtL  oxalate 

174.19 

1.0169 

0.0 

1.4168 

-46.3 

0. 

214.5 

0.0 

760 

dimethyl  adipate 

174.20 

1.0600 

20.0 

1.4283 

10.3 

13. 

llS.O 

0.0 

761 

DIBUTOXYEThANE 

174,20 

O.037O 

0.0 

1.4131 

-69.0 

0. 

203.0 

0,0 

762 

P-FluORO  bromobenzene 

175.01 

1 .4946 

0.0 

1.5604 

-17.0 

764. 

152.0 

0.0 

763 

n-octyl  nitrate 

175.22 

0.9750 

0.0 

0.0 

0.0 

20. 

111.0 

0.0 

764 

2-(2-ET0ET0)ETACETATE 

176.21 

1.0096 

20.0 

1,9213 

-25.0 

0. 

217,4 

0.0 

765 

Note:  Missing  data  is  indicated  by  0,  0,,  or  0.0. 
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Name 

Mol. 

Wt. 

Density 

Temp. 

ReBvct. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Dielec. 

Constant 

List 

No. 

ethyl  CINNAMATE 

176.21 

1.0494 

20.0 

1.5590 

6.7 

0. 

272,7 

0.0 

766 

1-ChLOROOECANE 

176.73 

0.0663 

0.0 

1.4373 

0.0 

0. 

222.5 

0.0 

767 

ISOAmyLISUVALE^^ATE 

177.26 

0.0503 

10.7 

1.4130 

0.0 

0. 

194, C 

3.62 

760 

methyl  TRICL  acetate 

177.43 

1.4090 

19.2 

1.5250 

-17.5 

765. 

152.5 

0.0 

769 

8ENZTL  eoTYHATE 

17a. 23 

l.owo 

19,0 

1,4920 

9.0 

0. 

109,0 

0.0 

770 

tethahethyl  tin 

170.83 

le3l*,0 

0.0 

1.4306 

-54.0 

0. 

70.0 

0.0 

771 

1-BHUHOHEPTANE 

179.11 

1.1384 

20.0 

1.4505 

-50.0 

0. 

179,0 

0.0 

772 

HEXA;-^E  Ph05Pmo«AMIDE 

179.20 

1.0270 

20.0 

1.4508 

7.2 

0. 

233,0 

30.00 

773 

(ISO)PROPrL  SALICYLATE 

160.20 

1.0729 

15.0 

1.5065 

0.0 

0. 

241.0 

0.0 

774 

1*A-(8IS  CL  ME  )CYC  hex 

181.11 

1.1100 

25.0 

1.4908 

15.0 

0. 

121.0 

0.0 

775 

I*2t**-TRICL  BENZENE 

lbl,<.5 

1.4542 

20.0 

1.5717 

17.0 

760. 

213.5 

0.0 

776 

1112TETRAClPR0PANE 

101.09 

1.4695 

22.0 

1,4855 

-64.0 

0. 

152.5 

0.0 

777 

1*1-DIPHENYLETHANE 

102.27 

P.9075 

20.0 

1.5761 

-215.0 

0. 

286,0 

0.0 

770 

1 »2-DIPhEnYLETHANE 

102.27 

0.9950 

20.0 

1.5330 

52.2 

0. 

285.0 

0.0 

779 

TERT-3UTYL  IODIDE 

104.02 

1.5445 

20.0 

1.4910 

-36.2 

0. 

108.0 

0.0 

780 

1-IODOBUTANE 

10A.O3 

1.6«123 

0.0 

1.5000 

-103.1 

0. 

130.0 

0.0 

701 

n-trioecane 

10A.37 

0.7559 

0.0 

1.4233 

-5.5 

0. 

243.0 

0.0 

782 

benzyl  ChLOROaCETATE 

104.63 

1.2223 

4.0 

1.5426 

lU.O 

0. 

133.3 

0.0 

703 

TRI-iy-BUTYLAMINE 

105.36 

0.7771 

20.0 

1.4297 

-70.0 

760. 

213.0 

0.0 

784 

tributyl  amine  <1S0) 

105.36 

C.7640 

20.5 

1.4252 

-21.0 

0. 

191,5 

0.0 

705 

CIS-1, 2-DIBR  ethylene 

105.00 

2.2464 

20.0 

1.5420 

-53,0 

760. 

112.5 

0.0 

706 

T«ANS-1»2“018R  ethylene 

105.80 

2.2300 

20.0 

1.5505 

-6.5 

760. 

108.0 

0.0 

787 

2-b«umo«^-me  aniline 

106.06 

1.4745 

25.0 

1.6012 

15.0 

0. 

0.0 

0.0 

780 

HEXAFLUOkOBENZENE 

106.06 

1.6182 

20.0 

1.3701 

5.1 

0. 

00.3 

0.0 

709 

octyl  propionate 

106.29 

C.0663 

0.0 

0.0 

0.0 

0. 

0.0 

0.0 

790 

OIHEXYL  ether 

106.34 

0.7936 

20.0 

1,4204 

-43.0 

760. 

223.0 

0.0 

791 

BIS(2-CL  ET)  CARBONATE 

187.02 

1.3444 

25.0 

1.4595 

10.0 

0. 

117.0 

0.0 

792 

U2TNIFL-122TRICLETHANE 

187.38 

1.5635 

25.0 

1.3557 

-36.4 

0. 

47.7 

0.0 

793 

1,1-DIBROMOEThANE 

107.07 

2.0554 

0.0 

1.5122 

-63.0 

0. 

ito.o 

0.0 

794 

1,2-OIBROMOEThaNE 

107.87 

2.1607 

25.0 

1.5360 

9.8 

0. 

131,4 

4,78 

795 

12A5  tetraethyl  benzene 

190.32 

0.0780 

0.0 

1.5054 

10.0 

0. 

250.0 

0.0 

796 

ETHLYTRICL  acetate 

191.44 

1.3026 

20.0 

1.4507 

0.0 

0. 

167,5 

7.00 

797 

Ethyl  benzoyl  acetate 

192.21 

1.1220 

20.0 

1.5312 

0.0 

14. 

165.0 

0.0 

798 

3-BROMOMLTHYL  heptane 

193.13 

1.1227 

25.0 

1.4548 

u.o 

0. 

57.0 

6.00 

799 

1-BROMO  octane 

193.13 

1.1180 

0.0 

1.4527 

-55.0 

0. 

202,3 

0.0 

000 

methyl  benzophenone 

193.24 

1 . 1464 

0.0 

1.6738 

-10.0 

0. 

325,0 

0.0 

801 

dimethyl  PHTHALATE 

194.18 

1.1905 

20.7 

1.5150 

0.0 

0. 

283.0 

0.0 

002 

methyl  PhTHALATE 

194.10 

1.1090 

25.0 

1.5150 

0.0 

734. 

203,0 

0.0 

003 

TETRmETHTLENE  glycol 

194,22 

1.1205 

0.0 

1.^598 

-6.2 

0. 

328.0 

0.0 

004 

phenyl  chloroform 

195.40 

1.3000 

0,0 

1.5011 

—4.8 

0. 

220.7 

0.0 

805 

tetranitrumethane 

196.04 

1.6372 

0.0 

1.4398 

IJ.O 

0. 

126.0 

0.0 

006 

1-TETRADECENE 

190.30 

0.7852 

0.0 

1.4932 

-12.0 

0. 

246.0 

0.0 

007 

OIBENZYLAHINE 

197.20 

1.0256 

22.0 

1.5143 

-26.0 

250. 

270,0 

3.60 

000 

I-IOOOPENTANE 

190.06 

1.5170 

0.0 

1.4955 

73.1 

0. 

155,0 

0.0 

809 

benzyl  ether 

190.27 

1.0420 

20.0 

1.5406 

36.0 

0. 

288,3 

0.0 

810 

trichlorubromome Thane 

190,30 

2.0120 

0.0 

1,5061 

-21.0 

0. 

104.0 

0.0 

611 

N-TElRAOtCANE 

198.40 

0.7627 

0.0 

1.A290 

6,0 

0. 

253.5 

0.0 

812 

phenyl-n-propyl  bromide 

199.09 

1.3090 

19.0 

1.5517 

0.0 

0. 

121,5 

0.0 

013 

( 3-BROMOPHOPYL ) benzene 

19V. lo 

1.3090 

19.0 

1.5517 

0.0 

0. 

121.5 

0.0 

014 

BIS(A-CL  butyl)  ether 

199.12 

1.0796 

25.0 

1.4000 

0.0 

10. 

130.0 

0.0 

815 

2,3-DlBROMOPROPENE 

199.00 

2.0346 

25.0 

1.5416 

0.0 

760. 

141.0 

0.0 

816 

TRIBUTYL  CAR0INOL 

200.35 

0.8408 

0.0 

1.A4A5 

20.0 

0. 

230.0 

0.0 

017 

O-BRUMOPHENETOLE 

201.07 

1.4105 

25,0 

1.5532 

0,0 

22. 

124.0 

0.0 

618 

P-BRUMOPHlNETOLE 

201.07 

1.4031 

25.0 

1.5490 

11.0 

0. 

233.0 

0.0 

619 

1, 1-UIBROHOPROPANE 

201.91 

0.0 

0.0 

1.5100 

0.0 

74, 

135, A 

0.0 

620 

1 ,2-DIBRUMOPROPANE 

201.91 

1.9366 

0.0 

1.5206 

-55.5 

0. 

141. A 

0.0 

021 

1,3-OIBROMOPROPANE 

201.91 

1.9093 

0.0 

1.5230 

-34.2 

0, 

0,0 

0.0 

822 

ACETYLOIMETHYLMALONATE 

202.20 

1.0830 

26.0 

1.4374 

0.0 

0. 

120.0 

0.0 

823 

oibutyl  oxalate 

202.25 

0.9073 

20.0 

1.4234 

-30.5 

773, 

242.0 

0.0 

024 

OIEThyLADIPATE 

202.25 

1.0076 

20.0 

1.4272 

-19.0 

760. 

245,0 

0.0 

825 

PENTACHLOROETHANE 

202.30 

1.6001 

15.0 

1.5054 

-29.0 

0. 

162.0 

3,73 

826 

U22IETClOIF  ethane 

203.03 

1.6252 

35.0 

1.4083 

26.0 

0. 

92.8 

2.52 

827 

lOOOBENZtNE 

204.01 

1.8230 

25.0 

1.6197 

-31. A 

0. 

109,0 

0.0 

820 

N,N-0IBUTYLANILINE 

205.34 

0.9037 

20.0 

1.5186 

-32,2 

760. 

274,8 

0.0 

829 

1-BROMONmPHTHALENE 

207.00 

1.4034 

20.0 

1.6580 

6.2 

0, 

201.1 

4,83 

030 

1-BRUmONUnANE 

207.16 

1.0051 

25,0 

1.4520 

0.0 

5. 

04,0 

0.0 

831 

2-BRUMO-NONANE 

207.16 

1.0010 

0.0 

1.4519 

0.0 

767. 

200,5 

0.0 

832 

1,10-OICHlORODECANE 

211.18 

0.9936 

0.0 

1 .A600 

0.0 

0. 

140.0 

0.0 

833 

benzyl  benzoate 

212.25 

1.1121 

25.0 

1.5601 

19. A 

0. 

323.5 

4.90 

834 

N-PEnTADECANE 

212.41 

0.7609 

0.0 

1.A315 

10.0 

0. 

270.5 

0.0 

835 

3-BRPROPYL  PHENYL  ETHER 

215.10 

1.3650 

16.0 

0.0 

11.0 

18. 

127,0 

0.0 

836 

2-nitro-uiphenyl  ether 

215.21 

1.2539 

22.0 

1.5750 

-20.0 

8. 

184.0 

0.0 

037 

1,2-DlBRUMOBUTANE 

215.94 

1.7950 

0.0 

1.5500 

0.0 

0. 

166.3 

0.0 

838 

1,A-0IBRUM08UTANE 

215.94 

1.0000 

0.0 

1.5175 

-26.0 

0. 

197.5 

0.0 

839 

2,3-aiBRUMOBUTANE 

215.94 

1.7030 

0,0 

1,5133 

-70.3 

0. 

161,0 

0.0 

840 

l,2-DI0R-2-ME  PROPANE 

215.94 

1.7590 

20,0 

1.5090 

10,5 

760. 

150.0 

0.0 

641 

methylene  iodide 

217.07 

3.3254 

0.0 

1.7559 

6.0 

0. 

181.0 

0,0 

842 

2,3-DIBR-l-PROPANOL 

217.90 

2.0739 

20.0 

1.5466 

0.0 

17. 

118.0 

0.0 

843 

o-ioootoluene 

210. C5 

1.7130 

0,0 

1.6090 

0.0 

0. 

211.5 

0.0 

BAA 

glycerol  triacetate 

210.21 

1.1562 

20.0 

1.5064 

3.2 

0. 

259.0 

0.0 

8A5 

PENTAETHYL  BENZENE 

21B.37 

0.0905 

19.0 

1.5127 

-20.0 

0. 

277.0 

0,0 

8A6 

ISOBUTYL  TRICL  acetate 

219.50 

1.2550 

25.0 

1.4456 

0.0 

0. 

100.0 

0.0 

8A7 

TETRAETGlYCOL  dime  ether 

222.29 

1.0132 

20.0 

1.4336 

-21.4 

760. 

275.8 

u.o 

6A8 

1-HEXADECENE 

224.42 

0.7025 

0.0 

1.A441 

4.0 

0. 

155.0 

0.0 

8A9 

2-CLETHYl  TRICL  ACETATE 

225,09 

1.5357 

20.0 

1.4013 

0.0 

766, 

217.0 

0.0 

850 

Note: 

Missing 

data  is 

indicated  by 

o 

o 

or  0.0, 

(continued) 
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Name 

Mol 

Wt. 

Density 

Temp. 

Refract. 

Index 

Melting 

Point 

Pressure 

Boiling 

Point 

Dielec. 

Constant 

List 

No, 

TRIC^LORUACETYL  tfROMIOE 

226.29 

0.1900 

15,0 

0.0 

0.0 

760. 

1A3.0 

0.0 

851 

TRI-N-PENIYLAMINE 

227. AA 

0.7907 

20.0 

1.A367 

-70.0 

0. 

2A2.5 

0.0 

052 

oibutyl  MALEATE 

220.29 

0.9950 

20.0 

1 .AASA 

-80.0 

0. 

280.0 

0.0 

853 

1 ,5-i)IBWUMOPEnTANE 

229.96 

1.7060 

18.0 

1.5091 

-39.5 

0. 

222.2 

0.0 

85A 

TRIBUTYL  oORATE 

230.16 

C.85B0 

20.0 

1.A092 

-70.0 

0. 

233,5 

0.0 

855 

01  isopropyl  ADIPATE 

236.31 

0.9659 

20.0 

1 .A2a7 

-1.1 

6. 

120.0 

0.0 

856 

DIPROPYL  adipate 

230.31 

0.9790 

20.0 

1.A31A 

-15.7 

11. 

ISl.C 

0.0 

857 

; DIPHENYL  SELENIOE 

233.17 

1.3510 

20.0 

1.6500 

2.5 

760. 

301.5 

0.0 

050 

• tetraethtl  tin 

23A, RA 

1.1870 

23.0 

1.A72A 

-112.0 

0. 

181. C 

0.0 

059 

; O-DIWROHUbENZENE 

23S.92 

1.9557 

0.0 

1.6081 

0.7 

0. 

221.0 

0.0 

860 

H-DIBROMUbEnZENE 

*235 .92 

1.9523 

0.0 

1.6063 

-7.0 

0. 

220.0 

0.0 

661 

i-iooo  octane 

2^0. lA 

1.3297 

0.0 

1 .A890 

-a5.7 

0. 

255,5 

0.0 

862 

I *2-DI0ROmOhExAnE 

2A3.99 

1.5072 

15,0 

1.5012 

0.0 

16. 

207.0 

0.0 

863 

DIETHYL  mZELATE 

2AA.33 

0.9729 

20.0 

1 .A351 

-18.5 

0, 

291.5 

0.0 

86A 

tricheoruiooomethane 

2A5.30 

2.3650 

0.0 

1.505A 

-19.0 

0. 

1A2.0 

0.0 

865 

A-BR-OIPnENYL  ETHER 

'2A9.11 

1.A225  " 

19,0 

1.6088 

18.0 

0. 

305.0 

0.0 

866 

benzal  BhOHIDE 

2A9.95 

1.5100 

0.0 

1.61A7 

c.o 

0. 

lAO.O 

0.0 

867 

^ trib^^omoacet aldehyde 

250.76 

2.6650 

25.0 

1.5939 

0.0 

760. 

1 7A.0 

0.0 

868 

BROHOrORM 

252.76 

2.8889 

20.0 

1.5976 

8.  1 

0. 

1A9.6 

A,  39 

B69 

I-IOuO  naphthalene 

^25 A,  07 

1.7399 

20.0 

1,7026 

A. 2 

0. 

302,0 

0.0 

870 

DIBUTYL  adipate 

258.35 

0.9652 

0.0 

I.A369 

-37.0 

lA. 

103. C 

0.0 

071 

OIBUTYL  adipate 

258.36 

0.9652 

20.0 

1.A369 

-37.0 

A. 

lAS.O 

P.O 

872 

diethyl  sebacate 

258.36 

0.96A6 

20.0 

I.A359 

5.0 

773. 

306.0 

0.0 

873 

DI  ISOBUIYL  adipate 

250.36 

0.9530 

20.0 

1 .A315 

-17.0 

760. 

282.  C 

5.19 

87A 

iZDlHRTErr  ethane 

259.83 

2. 1630 

25.0 

1.3670 

-110.5 

0. 

A7.3 

2.3A 

875 

HEXACHLOkOaCETONE 

'26a,  77 

1.7aa0 

l2.0 

0.0 

-30.0 

0. 

203.0 

0.0 

876 

TRIBHOMOtfHYLENE 

26A.70 

2.7000 

20.5 

1.63A5 

0.0 

0. 

163.5 

0.0 

877 

I.  l*2*3*‘*tA-HEXACLBUTANE 

26A.82 

1.6A60 

20.0 

1.5258 

0.0 

10. 

111.0 

0.0 

678 

TRI-N-BUTYL  PHOSPHATE 

266.32 

0.9760 

25.0 

I.A226 

-79.0 

0. 

289.0 

7,96 

879 

1*  I*2-TR1BR0M0ETHANE 

266,79 

2.5789 

0.0 

1.5933 

-35.5 

0. 

188.5 

0.0 

880 

TEtRAMETnYL  LEAD 

267.33 

1.9950 

20.0 

1.5120 

-27.5 

0. 

110.0 

0.0 

881 

OlIODOMETnANE 

267.03 

3.3078 

25.0 

1,7380 

6.  1 

0. 

1R2.0 

5.32 

682 

OIBUTYL  PhTHALATE 

278.35 

1.0Ao5 

20.0 

1 .A926 

-35.0 

0, 

3A0.0 

6.AA 

883 

I*I*2-TRibR0M0  propane 

260.00 

2.35A8 

20.0 

1,5790 

0.0 

760. 

2G0.5 

0.0 

88A 

I.2t2-TRit»R0M0  propane 

2B0.R0 

2.2985 

20.0 

1.5670 

0.0 

760, 

190.5 

0.0 

0H5 

l*2*3-TfliBffOMO  propane 

2bd.R0 

2.A209 

20.0 

1,5862 

16,9 

760. 

222.2 

0.0 

886 

I • I-OI iojoethane 

281 .86 

2.8A00 

0.0 

1,6730 

2.8 

0. 

179,5 

u.o 

887 

Oleic  acid 

2B2.A7 

0.8070  . 

25,0 

I.A582 

13. A 

0. 

J60.0 

2,Ab 

HHR 

I-BROmO-2-IODOBENZENE 

282.92 

2.2571 

?5".0 

1,6618 

R.O 

0^ 

257.0 

0.0 

009 

I-BR0m0-J-10D0BENZENE 

2B2.92 

2.2220  , 

25.0 

1.66Q8 

-9.0 

75A. 

252.0 

0.0 

890 

I-CHLOROuCtADECANE 

280.95 

O.05H6 

25.0 

1.A525 

19.0 

2. 

150. 0 

0.0 

891 

1-BROmOPLWTAOECANE 

291,32 

0.9999 

25.0 

1 .A592 

18.6 

80. 

172.0 

0.0 

892 

, 123-TRIBR-2-ME  PROPANE 

29A.65 

2.1750 

0.0 

1,5652 

0 . 0 

0. 

223.5 

0.0 

893 

1 ,2,4-TRltlROMO  BUTANE 

29A.03 

2.  1700 

20.0 

1.5608 

-18.0 

760, 

215.0 

0.0 

89A 

2.2t3-TRidROMO  BUTANE 

29A.83 

2. 172A 

20.0 

1.5602 

-1.9 

760. 

206.0 

0.0 

895 

i , 2 • 3 - T R I B R DM OBU  t AN E 

'29a,  8 A 

2.1938  ' 

0.0 

1.5680 

-19.0 

21. 

1 ID.5 

0.0 

896 

methyl  OLEATE 

296. SO 

0.8702 

25.0 

1.A502 

19.9 

0, 

217.0 

3,21 

897 

tri-cl-acetic  anhydride 

306.76 

1.6908 

20.0 

0,0 

0.0 

760. 

169.0 

0.0 

898 

OI-N-BUTYL  SEBACATE 

31A.A7 

0.93b6 

20.0 

1.A397 

1.0 

0. 

3A5.0 

A.5A 

099 

OIBUTYL  jEBACATE 

31A.A7 

0.932A  , 

1 .AA  15 

-11. 0 

0. 

3A5.0 

A.5A 

900 

TEtRAETHYL  LEAD 

323. AS 

1.6590 

11.0 

1.5915 

-136.8 

19. 

91.0 

0.0 

901 

N-BUTYL  vjLEATE 

338.56 

0.8657 

25,0 

1 .AA80 

-10. 0 

0. 

227,5 

A. 00 

902 

BUTYL  STtARATE 

3A0.60 

0.85A0 

25.0 

I.AA22 

26.3 

0. 

222,5 

3.11 

903 

1122-TET  BROmoETHANE 

3A5.67 

2.9529 

25.0 

1,6323 

0.0 

0. 

2^3.5 

7.00 

90A 

L l*l*l*2-TETRABR0MOETHANE 

3A5.7®^^ 

2.87A8 

0.0 

0.0 

0. 

103.5 

O.Q 

905 

r SIS(2-ETndxY  ET) SEBACATE 

3A6.A6 

( .9953  ' 

25,0 

1 .AAAO 

-10.6 

0. 

0,0 

0.0 

906 

■ TRI  (2-TOlYDPHOSPHATE 

368.36 

1.1830 

25.0 

1.5575 

11.0 

20. 

26A.0 

0.0 

907 

01 (2-ET  HEX)  adipate 

370.58 

0.9220 

25.0 

1 ,aA7h 

-07.8 

5. 

21A.0 

0.0 

906 

BIS(2-ETntX>PHTHALATE 

390.57 

0.98A3 

20.0 

1.A859 

-50.0 

0. 

231. G 

5.30 

909 

; oiethylhexyl  azelate 

A12.66 

0.9150  : 

25.0 

1 .AA60 

-78.0 

5. 

237.0 

0.0 

910 

BIS  (Z-ETH  YLHEx  ) SEBACATE 

A26.66 

0.9120  , 

25.0 

1.A510 

-A8.0 

5, 

256.0 

A, 03 

911 

Note: 

Missing 

data  is 

indicated  by 

O 

o 

or  0.0. 
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Comparison  of  Solvent  Properties  (11) 


Poorly  Hydrogen-Bonded 

carbon 

tetra- 

chioro- 

perchloro* 

Freon^ 

Freon'* 

trtchloro' 

methyl 

methylene 

benzene 

chloride 

n*hexane  form 

ethylene 

TF 

MF 

ethylene 

formate 

chloride 

Boiling  Point, 

80 

77 

68 

61 

121 

48 

24 

87 

31.8 

39 

°F 

176 

171 

154 

142 

250 

117.6 

74.8 

189 

89.2 

102 

Freezing  Point,  °C 

5.4 

-23 

-96 

-64 

-24 

-35 

-111 

-73 

-100 

-96 

'»F 

41 

-9 

-141 

-83 

-11 

-31 

-168 

-99 

-148 

-142 

Density,  g/mL  (mg/m^) 

0.88 

1.59 

0.66 

1.49 

1.62 

1.58 

1.49 

1.46 

0.97 

1.33 

Ib/gal 

7.34 

13.26 

5.51 

12.43 

13.55 

13.16 

12.42 

12.22 

8.13 

11.07 

Vapor  Density  (air  = 1) 

2.8 

5.3 

2.97 

4.1 

5.8 

— 

— 

4.54 

2.1 

2.93 

Rate  of  Evaporation 

(Butyl  acetate  = 1) 

6.30 

12.80 

10.00 

11.60 

2.80 

9.87 

13.07 

6.20 

-36 

27.50 

Viscosity,  20"C  (68‘^F), 

cP  (mPas) 

0.65 

0.99 

0.29 

0.57 

0.88 

0.70 

0.41  (30°C)  0.58 

0.35 

0.44 

Surface  Tension  in  Air, 

20°C  (68^F),  dyn/cm  (mN/m) 

28.9 

26.8 

18.4 

27.2 

32.3 

19.0 

18.7 

32.0  (25°C) 

25.0 

28.2 

Specific  Heat,  Liquid,  20^C  (68'FL 

cat/g  C (Btu/tb-F) 

0.42 

0.21 

0.54 

023 

0.21 

0.22 

0.21 

0.23 

0.516 

0.28 

kJ/kg-K 

1.75 

0.88 

226 

0.96 

0.87 

0.93 

0.87 

0.96 

2.16 

1.17 

Heat  of  Vaporization  (bp) 

cal/g 

94 

46 

80 

59 

50 

35.09 

43.52 

57 

112.4 

78 

Btu/lb 

170 

84 

145 

106 

90 

63-12 

78.31 

103 

202.3 

141 

kJ/kg 

395 

195 

337 

247 

209 

146.8 

182.1 

240 

470.0 

327 

Solubility  Parameter,  5 

9.2 

8.6 

7.3 

9.3 

9.3 

7.2 

7.8 

9.3 

9.7 

9.7 

Hydrogen  Bonding  Index,  y 

2.2 

2.2 

2.2 

2.2 

2.2 

2.5 

2.5 

2.5 

2.7 

2.7 

Flash  Point,  TCC,  °C 

-11 

NF 

-22 

NF 

NF 

NF 

NF 

NF 

-19 

NF 

°F 

12 

-7 

-2 

Flammable  Limits,  vol% 

Lower 

1.4 

NF 

1.2 

NF 

NF 

NF 

NF 

NF 

5 

NF 

Upper 

8 

6.9 

23 

Threshold  Limit  Value,*  ppm 

10 

5 

50 

10 

25 

1000 

1000 

50 

100 

50 

skin 

ceil. 

Formula 

O 

O 

O 

o 

jr 

o 

o 

X 

o 

o 

"o 

o 

o 

o 

o 

^T1 

o 

o 

O 

o 

“ti 

CHCLCC 

0 

i ' 

HCOCH3 

0 

'o 

*o 

rjn 

(continued) 
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Moderately  Hydrogen-Bonded 


mixed 

dimethyl 

ethyl 

n-butyl 

1.4- 

toluene 

xylenes 

sulfoxide 

MEK 

MIBK 

acetate 

THF 

acetate 

acetone 

dioxane 

Soiling  Point,  °C 

in 

135 

189 

79 

117 

77 

66 

125 

56 

101 

"F 

231 

275 

372 

175 

243 

171 

151 

257 

133 

214 

Freezing  Point, 

-95 

— 

18 

-87 

-85 

-64 

-1085 

-76 

-94 

10 

°F 

-139 

— 

65 

-124 

-121 

-119 

163 

-105 

-137 

50 

Density,  g/mL  {mg/m^l 

0.87 

0.87 

1.10 

0.80 

0.90 

039 

0.88 

0.79 

1.04 

Ib/gal 

7.25 

7.24 

9.18 

6.71 

6.68 

7.51 

741 

7.34 

6.58 

8.60 

Vapor  Density  (air  = 1) 

. 3.1 

1.1 

— 

2.5 

3.5 

3.04 

2.49 

4.0 

2.0 

3.0 

Rate  of  Evaporation 

(Butyl  acetate  = 1) 

2.4 

0.7 

9.2 

6.15 

80 

1.00 

11.60 

3.11 

Viscosity,  20°C  (68^F), 

cP(mPa  s) 

0.59 

0.69 

1.98(25'*C)  0.42 

0.59 

0.44 

048 

0.74 

0.35 

1.31 

Surface  Tension  in  Air, 

264 

20°C  (68^F),  dyn/cm  (mN/m) 

28.4 

28.9 

43.5 

24.6 

22.7 

23.9 

i25^C) 

27.6  (27°C)  23.7 

33.4 

Specific  Heat,  Liquid,  20°C  |68‘'F}, 

cal/g  C (8tu/lb  F) 

0.39 

0.40 

0.47  /oqop\  0.55 

0.46 

0 469 

0.51 

0.51 

0.41 

kJ/kg-K 

1.63 

1.67 

1.97 

2.30 

2.09 

1.92  1 

1.97 

2.13 

2.13 

1 72 

Heat  of  Vaporization  (bp) 

cal/g 

87 

82 

144 

106 

87 

88 

95 

! 74 

124 

38 

8tu/lb 

156 

147 

260 

191 

157 

158 

171 

: 133 

224 

177 

kJ/kg 

362 

342 

604 

444 

365 

367 

398 

309 

521 

412 

Solubility  Parameter,  6 

8.9 

8.8 

13.0 

9.3 

8.4 

9.1 

3.1 

8.5 

10 

9.9 

Hydrogen  Bonding  Index,  y 

3.8 

3.8 

5.0 

5.0 

5.0 

5.2 

5.3  1 

5.4 

5.7 

57 

Flash  Point,  TCC,  °C 

4 

27 

95 (TOC) 

-7 

23 

-14 

27 

-18 

12 

"F 

40 

80 

203 

20 

73 

24 

5 

81 

0 

54 

Flammable  Limits.  vol% 

Lower 

1.2 

1.1 

2.6 

1.8 

1.4 

2.2 

2 

1.4 

3 

2 

Upper 

7.1 

7.0 

28.5 

10 

75 

11 

118 

7.6 

13 

222 

Threshold  Limit  Value,*  ppm 

50 

100 

200 

50 

400 

200 

150 

750(500 

25 

skin 

proposed) 

skin 

Formula 

o^ 

o 

iR 

/ 

o 

o 

o 

o 

X X 

o 

O 

X O X 

jr 

rz  o 

o 

I 

8 = ° 

1 = 0 

I 

O CJ 

X : 

X 

8 = 0 

X 

8 = 0 

C5 

ji 

o o 
jr  jE 

IC 

JI 

JX 

'o 

"ic 

o.  : 

O o 

o 

JX 

jn 

JI  OJI 

.X  X 

/\ 

“o 

jr 

o o 

JI  jr 
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Strongly  Hydrogen*6onded 


cyclo- 

hexanone 

DMF 

DMAC  EGME 

ethyl 

ether 

methanol 

ethanol 

95% 

isopropyl 

alcohol 

n-butyt 

alcohol 

formamide 

Boiling  Point,  X 

157 

153 

166.1 

124 

34 

65 

75.0 

82 

118 

210 

X 

315 

307 

331 

255 

94 

148 

167 

180 

244 

410 

Freezing  Point,  °C 

-31.2 

-61 

-20 

-85 

-123 

-98 

-128.0 

-89 

-89.8 

3 

"F 

-24 

-78 

-4 

-121 

-189 

-144 

-198.4 

-128 

-130 

36 

Density,  g/mL  {mg/m^) 

0.94 

0.90 

0.945 

0.96 

0.71 

0.79 

0.812 

0.78 

0.81 

1.13 

ib/gal 

7.88 

7.50 

7.88 

8.04 

5.92 

6.63 

6.74 

6.55 

6.76 

9.46 

Vapor  Density  (air  = 1) 

3.4 

2.51 

3.0 

2.62 

2.55 

1.11 

1.59 

2.07 

2.55 

Rate  of  Evaporation 

(Butyl  acetate  = 1) 

0.23 

0.17 

<1 

0.47 

33.00 

6.10 

1.7 

2.30 

0.45 

<1 

Viscosity.  20X  (68“F). 

cP  (mPa  s) 

2.2 

0.80 

0.92  (25°C) 

1.72 

0.23 

0.59 

1.2 

2.4 

2.7 

3.76 

Surface  Tension  in  Air. 

20"C  (68°F),  dyn/cm  (mN/m) 

34.5 

35.2  (25X)  32.4  (30"C) 

35.0  (25"C) 

17.0 

22.6 

22.8 

21.7 

24.6 

58.4 

Specific  Heat.  Liquid,  20^C  (68'F), 

cal/gC  (Btu/lbF) 

0.49 

0.49 

0.48 

0.53 

0.55 

0.60 

0.62 

0.60 

0.56 

0.551 

kJ/kg-K 

2.05 

205 

2.01 

2.22 

2.30 

251 

2.59 

2.51 

2.34 

2.31 

Heat  of  Vaporization  (bp) 

cal/g 

109 

138 

119 

135 

84 

263 

— 

160 

141 

400 

Btu/lb 

197  (29"C) 

248 

214 

243 

151 

473 

__ 

287 

254 

720 

kJ/kg 

458 

576 

498 

565 

351 

1100 

— 

668 

591 

1674 

Solubility  Parameter,  5 

9.9 

12.1 

10.8 

10.8 

7.4 

14.5 

13.6 

11-5 

11.4 

19.2 

Hydrogen  Bonding  Index,  y 

6.4 

6.4 

6.6 

6.9 

6.9 

8.9 

8.9 

8.9 

8.9 

>16.2 

Flash  Point,  TCC,°C 

44 

58 

63 

46 

-45 

11 

14 

12 

29 

(TOC) 

X 

111 

136 

145 

115 

-49 

52 

57 

53 

84 

310 

Flammable  Limits.  vol% 

Lower 

1.1 

2.2(100^0  1.8  (WC) 

2.5 

1.9 

67 

3.3 

2.3 

1.4 

1.5 

Upper 

8.1 

15.2 

8.6  (20<^C) 

14 

48 

36 

19.0 

12.7 

11 

12 

50  ceil. 

Threshold  Limit  Value,*  ppm 

25 

10 

10 

5 

400 

200 

1000 

400 

skin  (25  ceil. 

10 

skin 

skin 

skin 

skin 

skin 

proposed) 

skin 

Formula 

o o 

o <r> 

o 

jn 

o 

jn 

<r>  <r> 

O 

X 

' c/> 

X X 

jr 

JX 

JX 

^x 

JX  jr 

JX 

g = o 

if 

o 

\ / 

0=0 

\ / 

o =o 

“o 

o 

JX 

"b 

jn 

[x 

“o 

X 

“b 

X 

\ 

CHOH 

/ 

o 

JX 

“o 

JX 

X 
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Fats  and  Oils  Composition  (26) 


Fats  and  Oils  Composition 


I FATTY  ACiD  COMPONENT 


VEGETABLE  BASED 


COCO  t 

CANOLA  . 

. CASTOR 

BUTTER  1 

COTTON 

SEED 


C4 

BUTANOIC  (Butyric) 

C6 

HEXANOIC  (Caprolc) 

C8 

OCTANOIC  (Caprylic) 

CIO 

DECANOIC  (Caprlc) 

C10;l 

DECENOIC 

TOTAL  CIO 

C12 

LAURIC  (Dodecanoic) 

C12;l 

cis-9-DODECENOlC 

TOTAL  C12 

C14 

MYRISTIC  (Tetradecartoic) 

C 14:1 

cis-9-TETRADECENOIC 

TOTAL  C14 

C15 

PENTADECANOIC 

TOTAL  CIS 

C16 

PALMITIC  (Hexadecanoic) 

C16:l 

cls-9-HEXADECENOIC 

TOTAL  C16 

C17 

HEPTADECANOIC 

C17:l 

HEPTADECENOIC 

TOTAL  C17 

C18 

STEARIC  (Octadecanoic) 

C18: 1 

OLEIC  (cis-9-Octadecenoic) 

C18;2 

LINOLEIC  (cis-9.  cis- 12-Octadecadienoic) 

C18:3 

LINOLENIC  (cis-9>  cis- 12.  cis- 15-Octadecairienoic) 

C18;4 

cis-6.  cis-9.  cis- 12.  cis- 1S-OCTADECATETR.AENOIC 

C18:l  (OH) 

RICINOLEIC  ( 12-Hydrox>'-cls-9-Octadecenoic) 

C18  (OH)^ 

DIHYDROXYSTEARIC 

TOTAL  C18 

C19 

NONADECANOIC 

TOTAL  C19 

C20 

EICOSANOIC  (Arachldic) 

C20;  1 

cis-9  or  cis-1 1-EICOSENOlC 

C20:2 

EICOSADIENOIC 

C20  3 

EICOSATRIENOIC 

C20:4 

ARACHIDONIC  (cis-5.  cis-8.  cis-1  1.  cis- 14-Eicosatetraenoic) 

C20:5 

EICOSAPENTAENOIC 

TOTAL  C20 

C22 

DOCOSANOIC  (Behenlc) 

C22:l 

cis-13-DOCOSENOlC  (Erucic) 

C22:2 

DOCOSADIENOIC 

C22:5 

4.8.  12.  15.  19-DOCOSAPENTAENOlC 

C22:6 

DOCOSAHEXAENOIC 

TOTAL  C22 

C24 

TETRACOSANOIC  (Llgnoceric) 

C24;  I 

TETRACOSENOIC 

TOTAL  C24 

1 Others 

II  TOTAL 

Nole;  'Pyplca!  % compusllion  tIetermJnetl  by  ( hromalOfiraphy.  Some  values  {)blalnetl  from  literature. 


Chmmteat  Valumm 


IODINE  VALUE 

94-12R 

81-91 

8 1 9 1 

7-12 

*118-128 

98-1 18 

SAP  VALUE  OK  OIL 

186-1 98 

I 7fi-l87 

177-187 

250 -264 

187-193 

189  198 

M ELTI NO  POINT.  C 
TITER.  |OK  SPLIT  ACIDS  ) (' 

0 2 

-20  to  - 10 

1 -.3 

1-  ■ - i 

i 3. .5 

^ 23-26  i 12  to  10 

i 

20  24  14  20 

2 t«)  2 
30  37 

i -20 

j 19-21  " 

Note;  Some  values  obtained  bom  literature 
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Fats  and  Oils  Composition 


VEGETABLE  BASED 


r ^ 

PALM  KERNEL 

1 PALM  OIL  f 

FATTY  ACID  COMPONENT 

OLIVE 

PALM  KERNEL 

OLEIN 

1 STEARINE 

PALM  OIL 

OLEIN 

STEARINE 

C4  BUTANOIC  (Butyric) 

Ce  HEXANOIC  (Caproic) 

0.2 

0.1 

C8  OCTANOIC  (Capryllc) 

1.4 

4.3 

3-4 

CIO  DECANOIC  (Capric) 

HEBi 

HKSi 

C10:l  DECENOIC 

TOTAL  CIO 

n 

m 

JKM 

s 

C12  LAURIC  (Dodecanoic) 

0 2 

0.7 

C12:l  cls-9-DODECENOlC 

TOTAL  C12 

1 

0.2 

0.7 

C14  MYRJSTIC  (Tetradecanoic) 

18.4 

12.4 

19.9 

1.1 

1.0 

1.5 

C 14:1  cis-9-TETRADECENOIC 

TOTAL  C14 

CIS  PENTAD  ECANOIC 

TOTAL  C15 

18.4 

12.4 

19.9 

1.1 

1.0 

1.5 

C16  PALMITIC  (Hexadecanolc) 

9.0 

HkOb 

55.7 

C16:l  cis-9-HEXADECENOIC 

0.6 

TOTAL  C16 

9.6 

55.7 

C17  HEPTADECANOIC 

HQHIII 

C17:l  HEPTADECENOIC 

TOTAL  C17 

■■ 

■ 

s 

s 

■ 

CIS  STEARIC  (Octadecanoic) 

2.7 

BS 

4.8 

C18:l  OLEIC  (cis-9-Octadecenoic) 

80.3 

14.6 

22.3 

6.9 

39.3 

42  5 

29.5 

C18:2  LINOLEIC  (cis-9.  cis- 12-Octadecadienoic) 

6.3 

1.2 

3.4 



10.7 

11. 2 

7.2 

Cl8:3  LINOLENIC  (cis-9.  cis- 1 2,  cis- 15-Octadecatrienoic) 

0.7 

0.4 

0.2 

0.1  \ 

C18:4  cis-6.  cis-9.  cis- 12.  cis- 15-OCTADECATETRAENOlC 

C18:l  (OH)  RICINOLEIC  ( 1 2-Hydroxy-cis-9-Octadecenoic) 

C18(OH)j  DIHYDROXYSTEARIC 

TOTAL  CIS 

C19  NONADECANOIC 

TOTAL  C19 

90.0 

17.7 

28.2 

11.0 

ss.o 

58.3 

41.6 

C20  EICOSANOIC  (Arachidic) 

0.4 

0.1 

0.3 

0 4 

0.4 

C20:l  cis-9  or  cis- 1 1-EICOSENOIC 

i 

C20:2  EICOSADIENOIC 

C20  3 EICOSATRIENOIC 

C20:4  ARACHIDONIC  (cis-5.  cis-8,  cis- 11.  cis- 14-Eicosatetraenoic) 

■HIIH 

C20:5  EICOSAPENTAENOIC 

■■ 

■BHI 

TOTAL  C20 

0.4 

0.3 

0.4 

0.4 

C22  DOCOSANOIC  (Behenic) 

' 

BB 

0. 1 

0 1 

0. 1 

C22:l  cis-13-DOCOSENOIC  (Eruclc) 

SB 

C22:2  DOCOSADIENOIC 

C22:5  4.  8.  12.  15.  19-DOCOSAPENTAENOIC 

C22:6  DOCOSAHEXAENOIC 

TOTAL  C22 

0.1 

0.1 

0.1 

C24  TETRACOSANOIC  (Lignocerlc) 

C24:l  TETRACOSENOIC 

TOTAL  C24 

Othera 

1 TOTAL 

1 100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100  0 

Note:  Typical  % composition  determined  by  chromatography.  Some;  values 

ChmmivtBl  Valumm 

IODINE  VALUE  I 

00 

0 

1 

00 

00 

14-19 

25-31 

6-9 

50-5.5 

56  Min 

48  Max 

SAP  VALUE  OF  OIL 

188-196 

245-255 

— 

196  202 

MELTING  POINT,  C 

24-26 

27  .50 

24  26 

TITER.  (OF  Spu  r ACIDS  ) C , 1 

17-26 

20-28 

32 

40  17  _ 

Nolf:  Some;  vahie.s  obliilneel  Iroiu  Hterature. 
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Fats  and  Oils  Composition 


VEGETABLE  BASED 


FATTY  ACID  COMPONENT 

PEANUT 

RAPE  SEED 

; SAFFLOWER 

1 

SOYBEAN 

p" 

' SUNFLOWER 

TALL  OIL 

C4 

BUTANOIC  (Butyric) 



C6 

HEXANOIC  (Caproic) 

C8 

OCTANOIC  (Caprylic) 

CIO 

DECANOIC  (Capric) 

C10:l 

DECENOIC 

TOTAL  CIO 

C12 

LAURIC  (Dodecanoic) 

C12:l 

cls-9-DODECENOlC 

TOTAL  C12 

C14 

MYRJSTIC  (Telradecanoic) 

0.1 

0. 1 

0.1 

C 14:1 

cls-9-TETRADECENOlC 

TOTAL  C14 

0.1 

0.1 

CIS 

PENTADECANOIC 

TOTAL  CIS 

C16 

PALMITIC  (Hexadecanoic) 

11.1 

4.0 

6.5 

10.5 

7.0 

0.2 

C16:1 

cls-9-HEXADECENOIC 

0.2 

0.1 

TOTAL  C16 

11.3 

4.1 

6.S 

lO.S 

7,0 

0.2 

C17 

HEPTADECANOIC 

0.1 

C17:l 

HEPTADECENOIC 

0.1 

r 

TOTAL  C17 

0.2 

CIS 

STEARIC  (Ocladecanoic) 

2.4 

1.3 

2,5 

3.2 

3.3 

2.2 

C18:1 

OLEIC  (cis-9-Octadecenoic) 

46.7 

17.6 

12.5 

22.3 

21.0 

58.6 

C18:2 

LINOLEIC  (cls-9,  cis- l2-Octadecadienoic) 

32.0 

12.7 

77.5 

54.5 

68.0 

36.0 

C18:3 

LINOLENIC  (cis-9.  cis- 12.  cis- 1 5 Onadecatrienoic) 

5,3 

8.3 

0.7 

C18:4 

cis-6.  cis-9.  cis-12.  cis- 1 5-OC' r.\DEC.-\TETRr\EN01C 

C18:1  (OH) 

RICINOLEIC  (12-Hydro.\y  cis  9-Ociadecenoic) 

C18  (OH)j 

DIHYDROXYSTEARIC 

TOTAL  CIS 

81.1 

36.9 

92.S 

88.3 

93.0 

96.8 

C19 

NONADECANOIC 

TOTAL  C19 

! 

C20 

EICOSANOIC  (Arachidic) 

1.3 

0.9 

0.5 

0.2 

0.7 

C20: 1 

cis-9  or  cis- 1 1 -EICOSENOIC. 

1.6 

10.6 

0.5 

0.9 

0.7 

C20;2 

EICOSADIENOIC 

C20  3 

EICOSATRIENOIC 

C20:4 

ARACHIDONIC  (cis-5.  cis-B.  cis  il.  cis- 14-Eicosatetraenoic) 

C20;5 

EICOSAPENTAENOIC 

TOTAL  C20 

2.9 

11.3 

1.0 

1.1 

1.4 

C22 

DOCOSANOIC  (Dehcnic) 

2.9 

0.7 

C22:l 

cis-13-DOCOSENOlC  (Erucic) 

45.8 

C22;2 

DOCOSADIENOIC 

0-1 

C22;5 

4.  8.  12,  15.  l9-DOCOSAPEN'IAENOIC 

C22:6 

docosahexaenok: 

TOTAL  C22 

2.9 

48.8 

C24 

TETRACOSANOIC  (Lignoccric) 

1.5 

0 2 

C24:l 

tetracosenoic 

0.6 

TOTAL  C24 

1.5 

0.8 

1 

1 Others  1 

1.6 

■ TOTAL 

100.0 

100.0 

100.0 

100,0 

100.0 

100.0 

Note:  Typical  % composilion  (lelcriuincd  by  chrmnatof^raphy.  Some  values 

Chemical  Walumm 

IODINE  VALUE 

84-100 

100-1 10 

140  1,50 

120  141 

125-1.36 

1 22  1 42 

"iSAP  VALUE  OF  OIL 

188-19.5 

1H3  IHH 

I HH  1 94 

189  195 

IHH  194 

197  200 

MELTING  POINT.  ‘C 

•2 

7 10 

IH1i>  |(i 

23  to  20 

18  io  16 

TITEI^,  (OF  SPLIT  ACIDS  ) ( 

26  -32 

23  26 

iO  18 

20  2 1 

16  20 

4 1 5 

Note:  Some  values  oblsiined  )n>m  Ijhaalun*. 
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1 ANIMAL  BASED  | 

FATTY  ACiO  COMPONENT 

BUTTER 

LARO 

TALLOW 

YELLOW 

GREASE 

C4  BUTANOIC  (Butyric) 

2.3 

C6  HBZANOIC  (Caprolc) 

1.6 

C8  OCTANOIC  (Caprylic) 

1.5 

CIO  DECANOIC  (Capiic) 

2.2 

CIO:  I DECENOIC 

0.4 

TOTAL  CIO 

2.6 

C 1 2 LAURIC  (Dodecanoic) 

2.5 

0.3 

C 1 2: 1 cls-9-DODECENOIC 

0.2 

TOTAL  C12 

2.7 

0.3 

C14  MYRISTIC  (Tetradecanoic) 

8.2 

1.7 

3.0 

2.6 

C 14:1  cls-9-TETRADECENOIC 

2,6 

0.2 

0.4 

0.3 

TOTAL  C14 

10.8 

1.9 

3.4 

2.9 

C15  PENTADECANOIC 

0.1 

TOTAL  CIS 

0.1 

C16  PALMITIC  (Hexadecanoic) 

25.8 

26.2 

26.3 

26.3 

Cl  6:1  cis-9-HEXADECENOIC 

4.6 

4.0 

2.6 

3.2 

TOTAL  C16 

30.4 

30.2 

28.9 

29.5 

Cl  7 HEPTADECANOIC 

0.5 

0.4 

0.3 

Cl  7:1  HEPTADECENOIC 

0.3 

0.4 

TOTAL  C17 

0.8 

0.8 

0.3 

CIS  STEARIC  (Octadecanoic) 

9.1 

13.5 

22.4 

18.4 

C18:l  OLEIC  (cis-9-Octadecenoic) 

32.1 

42.9 

43.1 

45.3 

C18:2  LINOLEIC  (cis-9.  cis- 12-Ocladecadienoic) 

4.9 

9.0 

1.4 

3.6 

C18:3  LINOLENIC  (ciS'9.  cis- 12.  cis- 1 5-Ociadecatrienoic) 

2.0 

0.3 

C18;4  cis-6.  cis-9.  cis-12,  cis- 1 5 OCTADECATETRAEXOIC 

C18:l  (OH)  RICINOLEIC  (12-Hydro.>:>  -ci5-9  0ctadecenoic) 

C18  (OH),  DIHYDROXYSTEARIC 

TOTAL  CIS 

Cl  9 NONADECANOIC 

TOTAL  C19 

48.1 

65.7 

66.9 

67.3 

C20  EICOSANOIC  (Arachidic) 

0.2 

C20:l  cls-9  or  cis-ll-EICOSENOiC 

0.8 

C20:2  EICOSADIENOIC 

C20  3 EICOSATRIENOIC 

C20:4  ARACHIDONIC  (cis-5.  cis-8.  cis- 1 1.  cis- 1 4-Eicosatetraenoic) 

1 

C20:5  EICOSAPENTAENOIC 

TOTAL  C20 

1 1.0 

C22  DOCOSANOIC  (Behenic) 

C22:l  cls-l3-DOCOSENOIC  lEmcic) 

[■■■■■ 

1 

C22:2  DOCOSADIENOIC 

C22:5  4.  8.  12.  15,  19-DOCOSAPENTAENOIC 

C22:6  DOCOSAHEXAENOIC 

TOTAL  C22 

C24  TETRACOSANOIC  (Llgnoceric) 

C24:l  TETRACOSENOIC 

TOTAL  C24 

Others 

Note:  Typical  % composition  determined  by  chromatography.  Some  values 

rjbemical  Volue* 

IODINE  VALUE 

25-42 

53-57 

48-52  ■ 

50  - 65 

SAP  VALUE  OF  OIL 

233-240 

190-202 

190-2.02^ 

MELTING  POINT,  C 

28-35 

33-46  40  47 

tItER.  (OK  spu  r ACIDS  ) C 

33-38 

32-43 

40  -47 

.39  43  ^ 

Note:  Some  values  obtained  trom  llleraiure. 

(continued) 
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MARINE  BASED 

FATTY  ACPO  COMPONENT 

HERRING 

MENHADEN 

SARDINE 

C4  BUTANOIC  (Butyric) 

C4 

C6  HBXANOIC  (Caprolc) 

C6 

C8  OCTANOIC  (Caprylic) 

C8 

CIO  DECANOIC  (Capric) 

CIO 

C10:l  DECENOIC 

C10:l 

TOTAL  CIO 

TOTAL  CIO 

C12  LAURIC  (Dodecanoic) 

C12 

C12:1  cis-9-DODECENOlC 

C12:l 

TOTAL  C12 

TOTAL  C12 

C14  MYRISTIC  (Tetradecanoicl 

7.6 

7.3 

6.0 

C14 

C 14:1  cis-9-TETRADECE.NOIC 

C14:l 

TOTAL  C14 

7.6 

7.3 

6.0 

TOTAL  C14 

CIS  PENTADECANOIC 

0.4 

0-4 

C15 

TOTAL  CIS 

0.4 

0.4 

TOTAL  CIS 

C16  PALMITIC  (HexadecanoicJ 

18.3 

23.6 

10.0 

C16 

C16:l  cls-9-HEXADECENOIC 

8.3 

9.9 

13.0 

C16:l 

TOTAL  CIS 

26.6 

33.5 

23.0 

TOTAL  C16 

C17  HEPTADECANOIC 

0.5 

0.9 

C17 

Cl  7:1  HEPTADECENOIC 

C17;l 

TOTAL  C17 

0.5 

0.9 

TOTAL  C17 

C18  STEARIC  (Ocladecanoic) 

2.2 

2.6 

2.0 

C18 

C18:l  OLEIC  (cis-9*Octadecenoic) 

16.9 

17.0 

24.0 

C18;l 

C18:2  LINOLEIC  (cis-9.  cis- 12-Ociadecadienoic) 

1.6 

C18:2 

C18:3  LINOLE.MC  (cis*9.  cis  12.  cis- 1 5-Ociadecatrienoic) 

0.6 

C18:3 

C18:4  cis-6.  cis  9.  cts-12.  cis  15  OCTADECATETRAENOIC 

4.1 

C18:4 

Cl 8:1  (OH)  RICINOLEIC  ( 1 2 Hydroxy  cis-9  Octadecenoic) 

C18:l  (OH) 

C18(OH)j  DIHYDROXYSTEARIC 

C18  (OH), 

TOTAL  CIS 

21.3 

24.9 

26.0 

TOTAL  C18 

C19  NONADECANOiC 

1.2 

C19 

TOTAL  C19 

1.2 

TOTAL  C19 

C20  EICOSANOIC  (Arachidic) 

C20 

C20: 1 cis-9  or  cis  1 1 EICOSENOIC 

9.4 

C20;  1 

C20-.2  EICOSADIENOIC 

0.3 

C20:2 

C20  3 EICOSATRIENOIC 

0.2 

C20:3 

C20:4  ARACHIDONIC  (cis  5.  cls-8.  cis-11.  cis- 14-Eicosatetracnoic) 

0.4 

3.4 

26.0 

C20;4 

C20:5  EICOSAPENTAENOIC 

8.6 

12.0 

C20:5 

TOTAL  C20 

16.4 

15.9 

26.0 

TOTAL  C20 

C22  DOCOSANOIC  (Behenic) 

C22 

C22: 1 CIS- 1 3-  DOCOSENOIC  (Erucic) 

11.6 

C22;  1 

C22:2  DOCOSAOIENOIC 

1.7 

C22  2 

C22:5  4.8.  12.  15.  19  DOCOSAPENTAENOIC 

1.3 

9.1 

19.0 

C22:5 

C22.-6  DOCOSAHEXAENOIC 

7.6 

C22.6 

TOTAL  C22 

20.3 

10.8 

19.0 

TOTAL  C22 

C24  TETItACOSANOlC  (Lifxnocerlc) 

C24 

C 24 ; 1 TETRAC  OS  E N 0 1 C: 

0.4 

0.8 

C24;l 

TOTAL  C24 

0.4 

0.8 

TOTAL  C24 

Others 

4.3 

4.3 

Others 

Note:  'ryplcal  % coinposillon  del er mined  by  chromatoj^raphy.  Some  values 

CAeJwieol  ValumB 

'iodine  value 

123-142 

140-188 

170-193 

’ SAP  VALUE  OE  OIL 

180-192 

189-193 

189-193 

MELTING  POINT.  ( 

TITER.  (OF  SPLIT  A(  IDS  ) C 

23-27 

27-28 

3 1 -33 

Note:  Some  vainc.s  i)f)laincd  from  htcmlure. 

No  warranties, 
e.xpress  or  implied. 
tiirludinf{  patent 
warranties  or 
warranties  of 
merchantability  or 
litrtess  for  use.  are 
matle  by  Witco 
Od'ijoration  with 
respect  to  prtHlucts 
descrli^tl  or 
in  forma  turn  set 
forth  herein, 
Noltiiiiff  contained 
herein  shall 
constiltite  a 
IK-rniission  «>r 
recommendation  io 
pracilce  any 
inveniton  covered 
by  a pateni 
without  a license 
from  the  owner  of 
the  patent. 
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Color  Conversion  Chart  (26) 


1 


Color  Conversion  Chart 


S 11/0.3—' 
14/0.5—' 


90/100— 

85/100— 


72/99— 
65/98 2 


100— 

200— 

300—1 


25/1.5— 

28/2— 


H 62/10- 

75/15- 

I 

88/20- 
J 108/30- 

K 150/50- 


—8/1.5 

51/95— 

450— 

E 

—10/2 

—3 

500— 

F 

—14/3 

—16/4 

39/90— 

— 4 

1— 

(. 

—18/5 

-5/1 

28/85— 

— 3 

— I'A 

II 

21/75— 

—6 

3— 

—7/2 

12/60— 

—7 

—2 

5— 

1 

—10/3 

8/50— 

—8 

—2% 

.1 

—16/5 

—20/10 

2/30— 

—9 

—10 

—11 

—12 

9— 

—37. 

13-_^ 

15— 

K 

200/100 -/20 

— -/30 


—5 
—6 
31- -7 
35— 


1.  Comparisons  of  color  sc  pies  of  different  systems  arc  very  dlfUcull  and  Inaccurate 

Thus,  this  conversion  trharl  should  he  used  only  for  fatty  acids  and  only  lo  ohlaln  approximate  v 


2.  Absorbency  readin^.s  were  taken  on  (.  oteman  bA  Speclropltutoiiicter  usln^  'Jlhmiu  (aivctte. 
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Viscosity  Conversions  (41) 
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Density  of  Water  at  Various  Temperatures  (23) 


Density  of  Water  at  Various  Temperatures 

Temperature,  °C 

Density,  g/ml 

-20 

0.99349 

-10 

0.998137 

0 

0.999868 

0.999927 


2 

0.999968 

3 

0.999992 

1.000000 


5 

0.999992 

6 

0.999968 

0.999930 


8 

0.999877 

9 

0.999809 

10 

0.999728 

15 

0.999129 

20 

0.998234 

25 

0.997075 

30 

0.995678 

35 

0.994063 

40 

0.992247 

50 

0.988066 

60 

0.983226 

70 

0.977793 

80 

0.971819 

90 

0.965340 

95 

0.961920 

100 

0.958384 
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KWIK  DRI  (Ashland  Chemical)  - 62 
LACOLENE  (Ashland  Chemical)  - 62 
LACTOL  (Unocal  Corp.)  - 99 
LPA  (Vista  Chemical)  - 101 
3M  (3M  Adhesive  Systems)  - 93 
MONOGLYME  (Ferro)  - 515 
M-PYROL  (ISP)  - 782-804 
MR  (Vista  Chemical)  - 101 
NAPTHOL  SPIRITS  (Unocal  Corp.)  - 99 
NB  (Angus  Chemical)  - 212 
NE  (Nitroethane)  (Angus  Chemical)  - 21 1 
NEOBEE  (Stepan  Co.)  - 853 
NEO-FAT  (Akzo  Chemicals)  - 681,  682 
NEP  (ISP)  - 805 
NEPD  (Angus  Chemical)  - 212 
NEUSTRENE  (Witco  Corp.)  - 444 
NIPAR  (Angus  Chemical)  - 216,  217.  219 
NM  (Nitromethane)  (Angus  Chemical)  - 213 
NMP  (Angus  Chemical)  - 213,  809 
NMPD  (Angus  Chemical)  - 213 
NORPAR  (Exxon  Chemical)  - 73 
OXITOL  (Shell  Chemical)  - 839 
OXSOL  (Occidental  Chemical)  - 169-194 
PANASOL  (Amoco  Chemical)  - 61 
PEGASOL  (Mobile  Oil)  - 79,  80 
PENRECO  (Penreco)  - 81 
PERCHLOR  (PPG  Industries)  - 130 
PLURACOL  (BASF  Corp.)  - 581 
PLURONIC  (BASF  Corp.)  - 622 
POLYGLYME  (Ferro/Grant)  - 505 
POLY-SOLV  (Olin  Chemicals)  - 512-514,  523, 
525,  527,  530,  533,  536,  537 
PROPASOL  (Union  Carbide)  - 96,  830,  839,  843- 
845,  849 

PROPOMEEN  (Akzo  Chemicals)  - 714 
PUNCTILIOUS  (Quantum  Chemical)  - 282 
QO  (QO  Chemicals)  - 340,  346 
REOFOS  (FMC  Corp.)  - 881 
REOMOL  (FMC  Corp.)  - 883 
RETARDSOL  (Unocal)  - 100 
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SAF-T-SOL  (Crowley  Chemical)  - 64 
SANTICIZER  (Monsanto  Chemical)  - 855,  867,  872, 
875-882,  889 

SCOTCH-GRIP  (3M  Adhesive  Systems)  - 93 
SHELL  SOL  (Shell  Chemical)  - 88,  89 
SOLVENOL  (Hercules)  - 55,  56 
SOLVENT  III  (Vulcan  Chemicals)  - 137-141,  145 
SPECIAL  NAPHTHOUTE  (Unocal)  - 99 
STAR  (Procter  & Gamble)  - 443 
SULFOUKNE  (Phillips  Chemical)  - 236 
SUPEROL  (Procter  & Gamble)  - 443 
SURFADONE  (ISP)  - 807-809 
SYNASOL  (Union  Carbide)  - 284,  285 
TECSOL  (Eastman  Chemical)  - 72,  327,  328 
TERPINEOL  (Hercules)  - 352,  353 
TETRONIC  (BASF  Corp.)  - 622 
TEXANOL  (Eastman  Chemical)  - 70,  71,  325,  835 
TEXTILE  SPIRITS  (Unocal)  - 99 


THFA  (00  Chemicals)  - 346,  348 
TOLU-SOL  (Shell  Chemical)  - 88,  89 
TOTAL  (Total  Petroleum)  - 93 
TRIAMEEN  (Akzo  Chemicals)  - 711,  713 
TRIS  AMINO  (Angus  Chemical)  - 213,  214 
TRIS  NITRO  (Angus  Chemical)  - 212,  213 
UCAR  (Union  Carbide)  - 96,  97,  462,  549,  653, 
654,  844,  845 

UNION  CARBIDE  (Union  Carbide)  - 652,  843 
UNOCAL  (Unocal)  - 99,  100 
VARSOL  (Exxon  Chemical)  - 73 
VERTREL  (DuPont)  - 160-168 
VISTA  (Vista  Chemical)  - 101,  102 
WECOBEE  (Stepan  Co.)  - 853 
WITCO  (Witco  Corp.)  - 75-77,  444 
YARMOR  (Hercules)  - 350,  351 
ZOLDINE  ZT-55  (Angus  Chemical)  - 718 


